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Among the consumers, the industrialized free market economies constitute by far the largest and most significant group. The socialist 
block does not play an influential role, as by and large they are self-sufficient in energy. The developing countries do not seem to affect 
the market, either. 

Among the suppliers, OPEC clearly dominates the market. However, it is no longer possible to treat OPECasasingleentitity, since Saudi 
Arabia claims dominance, hence her interests are not identical to the rest of OPEC's. This seems to be basic reason for the emergence of 
the two tier price structure. 

The traders include the so-called 'major', the 'independents', and national petroleum companies. Prior to 1973, the majors played the 
dominant role. However, they are rapidly losing ground to the national oil compan ies in terms of the quantities of oil they handle. Whereas 
60% of OPEC oil went through the majors in 1973, this has dropped to only 30% in 1979. Their economic strength, however, has since 
increased, not decreased, since the value of that 30% is considerably greater than the 60% of several years ago. Besides their economic 
strength, the majors control considerable refining, cracking, and storage capacity, which allow them to absorb even targe shocks that can 
occur within the system. 

In short, any O.R. analysis that attempts to explain the oil market must identify in this model every significant actor, as well as the 
objectives of each actor. It must also be understood that the cast or their roles are subject to change, as we witnessed in the case of Iran. 
Therefore, if a model is to explain market behaviour over an extended time period, it would probably have to rely on luck more than 
anything else. 

Power Systems Planning 

Another important field that deserves careful study by O.R. analysts is power systems planning. Expansion rates In the range of 10-15% 
per annum and costs in the vicinity of $ 10 9 per power plant indicate the great importance of system planning. 

Until a few years ago, decisions in power systems planning was the responsibility of central electricity generating authorities, with ad hoc 
outside influences. The basic objective was economic optimization, subject to certain technical considerations, with environmental and 
social factors treated perfunctorily. Today, this picture is changing very rapidly and decision making is becoming extremely complicated. 

Two major factors contributed to the change. One of these is the dominating influence built into laws and by-laws concerning the erection 
and operation of power plants. The other is the dramatic shift of authority in final decisions, as evidenced by plescibites in Austria, Federal 
Republic of Germany, and Sweden. As a result, today's decision making involves various actors and several objectives. Furthermore, 
some of the objectives are difficult to define, let alone quantify. Financial objectives probably will always play an important role, but 
environmental factors and perceived risks seem to be other major determinants. Clearly, a new approch which models these objectives 
and the decision making process is called for. 

Despite considerable efforts to date, a general model that copes with multiple objectives does not exist. Present methods can be classified 
in two groups. 

(1) Techniques which rely on prior specification of preferences; 

(2) Techniques which rely on progressive articulation of preferences (12). 

Even the latter method implies that certain decision are taken before the final solution has been arrived at. While a priori articulation of 
preferences may result in sub-optimal decisions, deferring the decisions until after all the solutions are obtained would clearly lead to a 
selection from an overwhelmingly large number of alternatives. A compromise has to be struck between a priori decisions and a complex 
decision process. The greater the number of objectives and the complexity of the model, the more difficult it is to find solutions and to 
choose among them. 

Modelling Physical vs Social Systems 

As should be apperent from the examples given, it is thesoc/a/ aspects of energy systems that make modelling difficult, not the physical or 
the technological. Two basic characteristics of socioeconomic systems are 'complexity* and 'dynamism*. The sheer magnitude of the 
number of variables that influence system behaviour make such systems complex. Furthermore, the basic characteristics of these 
systems change over time, making them dynamic (13). The phrase "nothing is permanent but change" summarizes the situation 
beautifully. 
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The fact that a large number of variables influences the behaviour of the system requires that we recognize the essential elements of the 
system and model only those. On the other hand, a changing system requires that new elements may have to enter if the model in system 
behaviour is to be representative of the reality. This aspect of energy modelling is one of the most elusive in problems involving long range 
planning. 

Everything discussed so a is applicable only when the objectives remain invariant to system response, in real systems, however, the 
response of the system (or the outcome of whatever is being modelled) causes certain changes which may influence the very reasons for 
the emergence of those outcomes themselves. A good example of this type of behaviour has recently been observed in the case of nuclear 
energy. Energy strategies based on economic and tehnological efficiency which led to the rapid expansion of nuclear energy were met 
with forces that paid greater importance to environmental, social or psychological factors. The reason for the moratorium on nuclear 
energy in several countries is attributable to a change in priorities or objectives. 

As a matter of fact, 1970'ies have witnessed considerable calibration and tuning in models in order to make them produce consistent 
results. The emergence of the environmentalists and the pursuit of a 'clean' environment is only one of the new social objectives, The 
so-called 'oil embargo' was another incident -real or imaginary- that has prompted many industrialized nations to stockpile petroleum. 
The move was a clear incident of conflicting objectives in energy planning, since oil prices rose in response to this increased demand, 
resulting in a sacrifice in economic efficiency in return for security of energy supplies. 

Clearly, in energy systems not only is there more than one objective, but there is considerable dynamism among the objectives. The 
problem that remains is that of modelling the interaction between system response and system objectives. 

Modern system theory is essentially based on the interactions between the system and its environment. Systems are grouped in terms of 
these interactions as follows (14): 

(i) Extensive Function: Systems that are uninfluenced by a changing environment exibit 'extensive function*. 

(ii) Intensive Function: Systems that respond to changes in their environment show 'intensive function'. 

(iii) Purposive Behaviour: Systems that change their behaviour when no apparent change in their environment has taken place 

exhibit 'purposive behaviour'. 

If we assume that the response of the system has actually caused changes in its environment, then the observed shifts in objectives can be 
explained in terms of intensive function. On the other hand, if the changes in ojectives have taken place without any changes in the 
environment, then we could call this purposive behaviour. Viewed in this way, and assuming that the environmentalist movement has 
gained acceptance as a result of evidence of physical degradation, this response could be explained in terms of intensive function, The 
nuclear issue, however, is not based on any significant physical damage* and may therefore be defined as purposive behaviour. 

A fourth category may also be created that explains the changes in the objectives. That category could be termed 'learni ng behaviour' and 
would refer to those cases where system objectives change as a result of system response, rather than changes in its environment. 

A system may 'learn' in many different ways. One of these is by studying itself, Any theory that attempts to explain the behaviour of the 
system may actually influence the behaviour of that very system. For example, most people are aware of economic theories that relate 
government spending, inflation rates and unemployment. By following the policies closely, people develop expectations about likely 
developments in the market and change their behaviour accordingly, Such (learned) behaviour has made classical theories of consumer 
behaviour useless and new theories are being developed, that are called, appropriately enough, 'rational expectations'. If these new 
theories find acceptance and when they are widely known, they will also be replaced by other theories! 

Conclusions 

Considerable success has been achieved in building and using 'operational' energy models. The same degree of success has not been 
observed in models built for the analysis of certain problems or in planning future energy systems. The underlying-causes of the failure 
stem from the socioeconomic aspects of energy systems problems. 

The great complexity and dynamism of such systems call for a completely new approach in modelling energy systems, The major areas 
where research work is required are: 

* Better tools for the recognition of essential elements of the system being studied, and for the recognition of changes in system 
elements. 

* Methods for systematically aggregating the data in an effort to reduce model size and arrive at compact, easy to use models. 

* Methods for handling several, even conflicting system ojectives within the modelling framework. 

* Means of incorporating dynamism in model structure In such away that not only system objectives may undergo change, but also 
the learning effect may also be built into the model. 

We should also recognize that we can never hope to build a model "once and for all", but try to build models that 'develop', much likethe 
environment they try to represent 
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ENERGY EDUCATION WITHIN AN 
ENVIRONMENTAL RESOURCES ENGINEERING PROGRAM 

Peter Lehman 

Humboldt State University 
Abstract 

This paper describes three energy courses which have been developed as part of an undergraduate program in Environmental 

Resources Engineering at Humboldt State University. The program comprises basic coursework in the physical, biological and 

engineering sciences and emphasizes fundamentals of design and analysis associated with environmental and resource related 

problems. Each student must complete 26 quarter units of upper division courses organized into a coherent major emphais option, the 

courses described, Energy Systems Engineering I, II and III, form the core of the major emphasis option entitled Energy Resources. 

Subject coverage in these courses includes thermodynamics relevant to energy systems, global energy resources, conventional power 

generation techniques, solar, wind and geothermal power production, and future energy systems such as OTEC, hydrogen fusion, and 

MHD. This coverage is detailed along with laboratory exercises and design projects. Curriculum materials such as texts, reference 

sources, media aids, and class handouts are also presented. Thedescription concl udes with an analysis of how this sequence intergrates 

with other courses, both within and outside engineering, to form the Energy Resources Option. Educational goals of the option are 

discussed and representative student programs are presented as examples of how these goals are being addressed. 

The engineering program at Humboldt State University (HSU) is an unconventional one. Although many of the courses and educational 
rationales are similar or even identical to traditional ones, there are important differences. There are several reasons for this. First and 
foremost is the fact that the program is solely environmental in nature and is not (as are most environmental programs) an adjunct to a 
civil engineering program, Operationally, this means that some courses which would ordinarily be required are not and that they are 
replaced by others not normally taken by engineers. Another noteworthy difference is the fact that the Engineering Department at 
Humboldt is just that: a department, not a school of engineering. The department is a member of the School of Science along with the 
sciences, Math, Industrial Arts and Technology, and such unrelated disciplines as Nursing and Home Economics. The department's 
membership in the School of Science imposes constraints on resources and direction not normally felt in engineering education (such as 
competi ng with the sciences for funds) , but also frees the department from some of the traditional roles of an engi neering school. Finally, 
there are time constraints produced by the additional environmentally oriented courses. It is always difficult to prepare a student 
professionally in four years of conventional engineering education; these extra courses make professional preparation that much more 
difficult. This results in a larger number of required courses than is common in an undergraduate program. 

The Program 

Course requirements for a Bachelor of Science in Environmental Resources Engineering are given in Appendix A. Noteworthy as courses 
not normally required of engineering students are Biology. Ecology and Ecology Lab, Technology and Man's Environment (an 
introduction to environmental engineering), Systems Analysis, and Environmental Impact Reports. A year long senior project is also 
required. 

The bulk of senior level work is organized into a coherent program comprizing 26 additional quarter units called the Major Emphasis 
Option, Students are free to choose among four options: Energy Resources, Water Resources, Water Quality, and Geotechnical 
Engineering. Within each option, three design courses are specified and the remaining units are elective; they are chosen by thestudent 
in consultation with a faculty advisior. At least one course within the option must come from outside the School of Science. 
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The Energy Resources Option 

The purpose of the Energy Resources Option is to prepare students to do design work with energy systems and to build an awareness of 
how energy technologies and policies affect global energy resources and environmental quality. The three required design courses, the 
core of the option, are Energy Systems Engineering I, II, and ill. 

An outline of the curriculum of these courses is found in Appendix B. The overall rationale of the sequence is toexamine first conventional 
energy production systems and then to move on to more futuristic ways of generating power Since solar thermal technologies are judged 
to have a special importance to environmental engineers, the final course is devoted solely to these considerations. 

The sequence begins with an overview of global energy use rates and resources. This is followed by an extensive section of thermody- 
namics relevant to energy systems. The focus is the 2nd Law, irreversibility, lost work, and the definition and use of the concept of 2nd 
Law efficiency (1). The purpose of this section is to provide a principled foundation for design techniqus which follow. 

Principal present energy generation systems are then studied. Conventional steam and gas turbine cycles are examined along with 
various refinements which have been developed over the years to increase efficiency. This leads into a study of nuclear generation 
facilities. The first course concludes with a section on geothermai and hydro power, Environmental impacts of each generation systems 
are stressed as each is studied. 

Since HSU is located conveniently close by the Geysers Geothermai Power Plant, last year's class traveled to that Pacific Gas and Electric 
facility. Based on the trip and on class material, students were asked to write an essay {Appendix B) in which they contrasted the pros and 
cons of a large geothermai power plant relative to a fossil fueled one. Both the reliability of the energy source and the environmental 
impacts were considered in the essay, In this way, students were forced to examine the type of policy decisions faced by energy 
management personnel. 

The second course covers photovoltaic cells, wind turbines, fusion power shcemes, and fuel cells. When time and interest permit, 
megnetohydrodynamic (MHO) and ocean thermal energy conversion (OTEC) schemes are also covered. For all these topics the 
development is similar. Physical principles underlying each technique are studied, the physical generation equipment is descrbed, and 
criteria are developed to enable the student to complete design calculations. 

A second field trip is undertaken; Lawrence Livermore Lab was the site of this Spring's trip. Students viewed the Lab's state of the art 
fusion research effort and experienced the complexity and expense associated with such a difficult undertaking. They were again asked 
to write an essay (Appendix B) detailing and justifying their views about the ultimate success of fusion as a power source, 

No textbook adequately covers the material In these two courses. The best compromiseat present seems to be Krenz's book (2), "Energy: 
Conversion and Utilization" which has been adopted as the text. Since Krenz's discussions are often lacking in specific details, various 
supplementary sources are also used (Appendix B). For laboratory assignments, no textbook exists. Assignments are written by the 
instructor and disbributed as mimeo handouts. 

The third and f i nal course covers solar thermat technologies. Of the three, this course is the most conventional, An excellent text Lunde's 
"Solar Thermal Engineering" (3) is used throughout and the development closely parallels that of the text. Heat loss calculations, solar 
radiation assessment, flat plate collector design, system integration, performance, and economics, and passive system principles form 
the topics of the course. A listing of lab exercies and an example of a student design problem are given in Appendix B. 

Representative Student Programs 

The courses just described comprise 1 2 of the 26 required quarter units in the Energy Resources Option, Studentschoose the remaining 
14 units in such a way as to tailor the option to their interests, The following three student programs demonstrate some possibilities. Joe 
Brezner is interested in the measurement and control of energy systems. ! ncluded in his option are: Transfer and Rate Processes, Applied 
Numerical Analysis, Electronic instrumentation, and Microprocessor Electronics. A political science course, Politics of Resource 
Development rounds out his program. Political and social implications of energy policy are a main concern of Richrd Gorsi. He has 
chosen Transfer and Rate Processes, Analysis of Environmental Impacts (a continuation of Environmental Impact Reports), Advanced 
Engineering Mathematics II, and thesame political sciencecourse as Joe to fill his option. George Havens has a special interest in passive 
solar technologies. His program includes: Structural Analysis, Structural Design, Architectural Drafting, and an intriguing pyschology 
course, Human Factors in Environmental Design. These are three of the many possibilities available to students in the Major Emphasis 
Option. The engineering faculty is liberal in allowing students freedom of choice within their option. The primary criterion for acceptance 
is a demonstration by the student that the program is coherent, rigorous, and beneficial to his or her career goals. 

Since this program is new (the complete sequence was taught for the first time this past academic year), no students have yet graduated 

with this training. Of the students above, Joe is spending the summer sa a research assistant on a remote sensing experiment in Humboldt 
8ay and Richrd is working as a student intern with the government lab at Hanford Washington. 

Students who have graduated from the older Energy Resources Option (which was less developed than the one described) have had no 
trouble continuing their careers. Some have gone to graduate school, some to public and private engineering firms. One student works 
with the Bonneville Power Administration, another is a local solar consultant, and a third is developing a 60,000 square foot solar 
collection system for a wastewater treatment plant in Alabama. So, though this program is unconventional, it attracts students in 
increasing numbers and serves their professional needs. 
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Appendix A: Requirements for the Bachelor of Science in Environ-Resources Engineering at Humboldt State University 

1. General Education and Statutory Requirements, 76 quarter units. 



2. Major Lower Division Requirements, 60 quarter units. 

Course 

General Chemistry (CHEM 1A) 
General Chemistry (CHEM 1B) 

General Chemistry (CHEM 1C) 
Principles of Biology (BIOL 3) 
Elementary Analysis (MATH 2B) 
Elementary Analysis (MATH 2B) 
Elementary Analysis (MATH 2C) 
Elementary Analysis (MATH 2D) 



Quarter Units 

4 



4 
4 
4 
4 
4 
4 
3 
4 
4 
4 
4 



Elementary Analysis (MATH 2E) 

General Physics (PHYX 4A) 

General Physics (PHYX 4C) 

General Physics {PHYX 4D) 

Introduction to Design (ENGR 1) 

Introduction of FORTRAN programming (ENGR 2) 

Technology and Man's Environment (ENGR 11) 

Solid Mechanics: Statics (ENGR 30) 

Solid Mechanics: Dynamics (ENGR 31) 

Materials Science (ENGR 45) 

3. Major Upper Division Requirements, 56 quarter units. 

Course 

Principles of Ecology (BIOL 106) 

Ecology Laboratory (BIOL 107) 

Advanced Mathematics I (MATH 110A) 

Engineering Economics (ENGR 100) 

Advanced FORTRAN for Engineers (ENGRE 102) 

Mechanics of Materials (ENGR 110) 

Thermodynamics (ENGR 110) 

Fluid Mechanics I (ENGR 113) 

Fluid Mechanics II (ENGR 114) 

Electronics & Instrumentation (ENGR 120) 

Probability & Statistics I (ENGR 123) 

Probability & Statistics II (ENGR 124) 

Systems Analysis (ENGR 125) 

Environmental Impact Reports (ENGR 180) 

Senior Project (ENGR 196A,B t C) 

Appendix B: Curriculum Outline 

Energy Systems Engineering I 

I. World Energy Resources 

a) Distribution, recovery 

b) Use rates, exponential growth 

II. Thermodynamics of Energy Systems 

a) 1st Law 

1. Conservation of energy, 1st Law efficiency 

b) 2nd Law 

1. Entropy, irreversibility, spontaneity 

2. Lost work, 2nd Law efficiency 

III. Conventional Power Generation 

a) Fossil fuel: gas, oil, coal 

1. Combustion thermochemistry 

2. Direct uses: heating, internal combustion and steam engines 

3. Conversion to electricity: steam and gas turbines, transmission and storage 
4. Environmental impacts 

b) Nuclear fuel: Uranium, plutonium 

1. Nuclear physics, binding energy 

2. Nuclear plants, boiling water and pressurized water reactors, breeders 

3. Safety, waste disposal, environmental impacts 



Quarter Units 

3 
1 
4 
3 
3 
5 
4 
3 
3 
4 
3 
3 
3 
3 
3 
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IV. Geothermal Energy 

a) Geothermal activity, distribution, resoruce assessment 

b) Conversion ot electricity 

c) Environmental impacts 

V. Laboratory Exercises 

a) Caloric values of fuels by bomb calorimetry 

1. Gasoline 

2. Wood 

3. Coal 

4. Food 

5. Methanol 

b) Factors affecting the coefficient of performance of a refrigeration cycle 

c) Efficiency of a Pelton Wheel 

d) Geysers Field Trip 



Text 



Krenz (Reference #2) 



Supplementary Materials 

Ford, et. al. (Reference #1} 

G. Brown, HYDROELECTRIC ENGINEERING PRACTICE, Blackie and Son, Ltd, London, 1964, 

A. Bartlett, FORGOTTEN FUNDAMENTALS OF THE ENERGY CRISIS (an excellent videotape). 

Student Assignment, Geysers Field Trip Report 

You are a consulting engineer for Humboldt Power and Light Co. A decision must be made as to how the company should provide an 

additional 1 GW of generating capacity. There are two possibilities: 

1) The company has discovered a geothermal field nearly identical to the Geysers Field in a rugged area of the Trinity Alps of 
northern California. This field could be developed in a manner similar to the Geysers Field. 

2) A contract could be negotiated to buy coal from Utah and have it shipped by rail to the northern Sacramento Valley where a 1 GW 
coal fired generating facility would be built and operated. 

Write an essay of 800-1000 words critically analyzing this choice. Explain what criteriayou would use in making the decision including the 
relative weight you would assign to each. 

Energy Systems Engineering II 

I. Photovoltaic Cells 

a) Semicnoductor physics, limitations of efficiency 

b) Materials, cell construction 

c) System design, energy storage, economics, environmental impacts 

II. Wind Energy 

a) Wind assessment, power duration curves 

b) Power in the wind, Betz limit 

c) Turbine designs and characteristics 

d) System design, economics, environmental impacts 
ML Hydrogen Fusion 

a) Nuclear physics, Lawson criterion 

b) Containment systems 

c) Laser systems 

d) Environmental impacts 

IV, Fuel Cells 

a) Electrochemistry, chemical thermodynamics 

b) The H2-02fuel cell 

c) Modern designs, efficiencies, economics 

d) Environmental impacts 

V. Laboratory Exercises 

a) Efficiency and V-l characteristics of a solar pane! 
b)Wind tunnel measurements on a vertical axis wind turbine 

c) Characteristics of a H2-O2 fuel cell 

d) Field trip to Lawrence Livermore Lab 



Text 



Krenz (Reference #2) 



Supplementary Materials 

S.S.L. Chang, ENERGY CONVERSION, Prentice Hall, Engle wood Cliffs, N.J., 1963 

J,J. Loferski, J, Appl. Phys., 27, 778 (1956) 

J.P. Holdren, Nuclear Technology/Fusion, 1, 79 (1981) 

Student Assignment, Livermore Field Trip Report 

You have now had the opportunity to study about the fusion process and to see one of the largest fusion research efforts. Fusion energy is 
being touted as the energy source of the future. The future is probably about 40-50 years away, a time when most of our petroleum 



reserves will be depleted 
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Based on what you've learned and what you've seen, write an 800-1000 word essay explaining whether or not you think fusion wilt work. 
Specifically, will we be producing a significant portion of our power in 40-50 years using fusion reactors? Include in your essay an 
examination of the various factors which will influence whether or not fusion "works. " Examples of such factors are scientific feasibility, 
technical feasibility, commercial viability, fuel procurement, safety considerations, environmental impacts, social and political concerns, 
etc. 

Energy Systems Engineering 111 

I. Heat Loss 

a) Conduction, convection, radiation 

b) Degree days 

c) Structure heat loss calculations 

II. Availability of Solar Energy 

a) Radiation measurement, solar constant 

b) Diffuse and direct beam radiation 

c) Clear day design values 

III. Collection of Solar Energy 

a) Site selection, shading 

b) Flat Plate Collectors 

1. Materials, construction 

2. Tau-AIpha product,selective surfaces 

3. Fin efficiency, operating characteristics 

IV. Active System Design 

a) Storage systems, heat exchangers 

b) Sizing 

c) Component integration, freeze protection 

d) Economics 

V. Passive System Design 

a) Storage systems 

1, Trombe wall, rock bed 

2, Solar ponds 

3, Sizing 

b) Greenhouses, examples, economics 

VI. Laboratory Exercises 

a) Measurement of the solar constant 

b) Thermal conductivity of collector absorber materials 

c) Efficiency of a flat plate collector 

Text 

Lunde (Reference #3) 

Student Assignment, Design Problem 

You are an engineer working for a large metal fabrication firm. Your firm is about to enter the solar collector absorber sheet market and 
has assigned you to determine the most cost effective design. Since your firm expects to manufacture a large volume of absorber sheets, 
the overriding cost will be the cost of materials. You have a choice of steel or copper. Copper costs $1.80 per pound; steel costs 23c per 
pound. The design yourfirm wishes to manufacture is thecommon tube on sheet absorber with tubes soldered or brazed to thesheet. The 
sheet is to be 4'x8\ Copper isavailable in sheet thicknesses of 0.005", 0.010", and 0.020". Steel sheet may be0.020". 0.040", or0.060" thick. 
All manifold pipes are 1.50" OD, 0.125" wall; all riser tubes are 0.375" OD, 0,0625" wall. Your absorber sheet should have as many riser 
tubes as necessary to produce a fin efficiency of 95%, The absorber must be all copper or all steel, and will be installed in a collector with 
an overall heat loss coefficient of Ul-1,40 Btu/hr-ft 2 ° F. 

1. What is the most cost effective design? 

2. Will the design change if a selective surface is used so that Ul is reduced to 0.85 Btu/hr-ft 2 -° F? 
(Thanks to Marshal Merriam for the idea for this problem) 

24.3 

CURRICULUM DEVELOPMENT FOR AND INSTRUCTION 
OF A GRADUATE LEVEL SOLAR ENERGY COURSE* 

Harry K. Charles, Jr., Ph.D. 

The Johns Wopklns University 

Applied Physics Laboratory 

Johns Hopkins Road 

Laurel, Maryland 20810 

Abstract 

A graduate level curriculum for an applied solar energy technology course will be described. The curriculum includes detailed theory 
development and applications lessons on the five major solar energy technology areas (photovoltaics, solar thermal, wind, biomass, and 
ocean thermal energy conversion) along with more elementary lessons on soiar resource assessment and measurement, solareconom- 
ics, and the impact of the technological utilization of solar energy on life quality, arious aspects of curriculum construction, instructional 
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technique, and performance evaluation are described in detail including: text selection, homework, term projects, lesson planning, and 
pre/post-testing cycles. Finally, the first semester is viewed in retrospect based on student feedback from an anonymous evaluation 
questionaire. 

Introduction 

The world is faced with an energy problem of untold magnitude and duration. Solar energy technologies offer viable alternatives to fossil 
fuels and, as such, are attracting wide-spread interest at all levels of government, industry, and the civilian population, As the solar 
technologies grow and energy requirements, availability, and economics dictate the need for alternate energy sources, the community, 
state and nation will need highly trained people in the energy field. In an attempt to begin such a training or educational program at the 
Evening College Center of The Johns Hopkins University Applied Physics Laboratory, a first course in solar energy technology and 
applications 1 was offered during the fall semester of 1980-81 academic year. 

The basic objective of the course was to present an overview of solar energy and to acquaint the students with the five major sotar 
technologies (photovoltaics, solar thermal, wind, biomass and ocean thermal energy conversion). In addition, the curriculum was 
designed with enough flexibility to allow the peripheral but all important areas of resource assessment, solar economcis, solar materials 
science, and solar life impact to be fully addressed. 

Textbook selection for the course was very difficult with no one book (except perhaps survey type handbooks) covering the full range of 
solar technology. The selected textbook: Solar Energy Engineering 2 by AAM. Sayigh was chosen as a book to compliment the 
instructors own knowledge, experience, and resources in solar energy, The text is strong in solar resource assessement, solar thermal, 
and energy storage. The instructor was strong in photovoltaics, solar economics, solar materials, and life (environmental) impact areas. 
The instructor also had access to information or some knowledge in biomass, wind, and ocean thermal energy conversion. 

The Student Population 

A, Student Demographics 

Areas of demographic interest include student degree field, student present degree level, student classification, and student work 
positions. The student population held twenty engineering degrees out of a possible twenty-four and similarly thirteen out of nineteen 
individuals were employeed as engineers. 

B. Student Solar Knowledge 

In order to assess the student's pre-course solar knowledge, as detailed questionaire was circulated during the first class meeting. This 
questionnaire was set up to ran k an individual's perceived solar knowledge on a zero to ten basis in several selected solar fields. The fields 
include: solar resource assessment, solar economics, solar materials, solar like (environmental) impact, geothermal and hydroelectric 
power (sometimes considered solar technologies), and the five major solar technologies - photovoltaics, solar thermal, wind, biomass, 
and ocean thermal energy conversion. Once the questionnaire was completed, a pre-test designed along similar lines of the question- 
naire was administered to measure the students knowledge In the ten selected solar areas, 

A combination of the results of the questionnaire and pre-test were used to structure the level and scope of the energy lessons to follow, 
-r ne general assessment from the distribution of results was that the students had little pre-course knowledge in soiar energy (over ail 
average 2.4 with zero reflecting no knowledge and ten impiies full working knowledge). 

Curriculum Content 

The curriculum content for the solar energy technologies course is one of the most varied and extensive possible in a single semester 
course because of the broad base of scientific and technological fields spanned by solar energy conversion, in fact, the combined 
disciplines of engineering, physics, chemistry, biological, earth and life sciences, and economics must be brought together in a unified 
fourteen week package. 

Since certain broad principles of resource assessment, economics and life impact pervade all the solar technologies these were taught as 
initial overview lectures during the first few sessions of the course. Additional details on each of these areas was then treated during the 
individual solar topic lessons. Each major solar technological area was handled in a similar matter. The individual ceil technologies and 
materials were delineated and assessed in order to aid the student in making future judgements about each technology option. The life 
impact analysis was treated as a general cost - benefits type of study in the general overview lecture. The general analysis was applied to 
the product life cycle (materials, manufacturing, deployment use, and decommissioning) for a photovoltaic energy system. 

Each lesson plan was created with specific behavioral objectives in mind and specific homework assignments. Homework assignments 
were used to re-inforce classroom material, promote outside reading and to introduce additional subject material which could not be 
introduced in the classroom due to the limited schedule. In addition to specific homework assignments, students were given the 
opportunity of doing a term project report in lieu of taking a final exam, Most students (17 of 19) took advantage of this option with several 
excellent term papers being received. The term papers will be discussed in more detail below. 

Student Performance 

Four basic measures were used to assess student progress, These measures were homework, class participation, mid-term exam, and 
final exam or term report. Homework and class participation were graded on a subjective basis rather than on a strict quantitative 
measure. For example, homework was given a plus (meaning excellent) check (for satisfactory), and a minus (less than satisfactory, but 
turned in), A zero was reserved for pupils who failed to turn in assignments. Homework papers would be accepted up until two weeks prior 
to the end of the term. 

The mid-term exam was prepared with the idea of testing the student's learning in each of the five preselected areas (photovoltaics, solar 
economics, life impact, resource assessment and materials) covered during the first half of the semester. 

The students were free to select their own solar term paper topic. Topics had to be approved by the instructor by mid-term time. Paper 
length was nominally set at 2,500-5,000 words (ten to twenty type written pages excluding illustrations), Topics ranged from soiar ponds 
to aspects of solar satellite power systems with many excellent reports. Most students received an A for their paper and the course. 
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Course Performance 

Course-instructor performance was assessed through use of the standard evening college questionnaire 3 . The results were about 
average the college. Other courses taught by the instructor have had higher medians than the average which is probably a reflection on 
the wide diversity of information and disciplines encompassed by the solar technology course (compared to the other courses.) On the 
whole it appears that both the course and instructor did an adequate job in meeting student expectations and demands while imparting a 
reasonable amount of knowledge as evidenced by mid-term exam, final and term paper performance. 

Summary 

A graduate level curriculum has been developed for a one semester course on solar technology and applications. The curriculum 
emphasizes major solar areas including: solar ecnomics, life impact, resource assessment, materials and the five solar technological 
areas (photovoltaics, thermal , wind, biomass f and ocean thermal energy conversion). In teaching the curriculum several important items 
became apparent; 1 ) the initial student body although trained in engineering and the sciences had little basic knowledge of solar; 2) the 
curriculum seemed to match the basic demands of the students {based on improvement in student knowledge— mid-term, final) and 
interest in term paper; and 3) because of the wide scope of technology covered by the solar curriculum it was difficult to instruct. 

References 

# Course 50.435 Solar Energy Technology and Applications, The Evening College Center of The Johns Hopkins University, Applied 

Physics Laboratory, Laurel, Maryland 20810. 
' Course 50,435 Solar Energy Technology and Applications, The Evening College Center of The Johns Hopkins University, Applied 

Ph'yscis Laboratory, Laurel, Maryland 20810. 

2 A.A.M. Sayigh, SOLAR ENERGY ENGINEERING, (Academic Press, New York, 1977). 

3 P.B. Edwards, S. Favin, and J.L Teesdale, PROCEEDINGS OF THE IEEE/ASEE CONFERENCE ON FRONTIERS OF EDUCATION, 
323 (1979), 

24.4 

CAN WE STILL WIN THE 'ENERGY WAR'? 

John Shacter 

Chairman Energy Education 

Energy Committee of American Assocation of Engineering Societies 

As the only profession which implements energy policies or strategies, engineers fee) that they owe it to the public to share their concerns 
and convictions about needed national action. The following conclusions are excerpted from the position paper adopted on Juiy 2 t 1 981 , 
in Atlanta, GA: 

1 . Current news stories on "oil gluts" and slight price reductions should not lull us into a false sense of relaxation. Our future security 
and living standards still demand urgent steps. 

2. Engineers (and leaders of the western industrial nations) still endorse education on energy efficiencies and conservation; this can 
gain us time to expand domestic resources, particularly coal and nuclear, and to accelerate development on synthetic fuels, solar, 
geothermal, fusion, etc. counterproductive price controls, rationing, overregulation and extremely costly delays must be avoided, 
without causing any sacrifice of safety, health or environment. . 

However, In an expanding society, conservation and solar or renewables cannot possibly constitute the whole answer. Nor can free 
enterprise and market forces be relied upon, by themselves, to make up for lost time. Past and future government action will also be 
critica to our future "energy and economy" position. 

3. Continuation of our 70-plus billion dollar annual oil imports (and imports of other strategic materials) endanger our national security 
and contribute to a major foreign tradedeficitwhtch continues toshrink ourdollarsand living standards. Many families in the US and 
abroad can no longer meet their essential needs for energy and for food. 

4. Because we failed to prepare ourselves before or in the 1970s, econoics "stagflations" and crisis-by-crisis operations are likely to 
continue well into the early 1980s, in any case. The challenge is now to work for an improved outlook in the later 1980s and 1990s. 

5. Longer-range world problems of still rising populations and demands for scarcer critical resources must be addressed, everywhere, 
if the spread of starvation is to be reversed, 

6. Specifically and most urgently, we must reverse our position of being the only major industrial nation in a "nuclear retreat," 
cancelling more plants than we are ordering, placing our breeder and fuel recycle programs in limbo, and spending over twice as 
much time and money to build plants which are still under construction. Facilitating legislative and regulatory changes must now be 
adopted with a sense of urgency, and without sacrifice of safety. 

7. Extremely costly, unjustified barriers and delays on the production and use of domestic resources— such as inflexible requirements 
to reestablish orglnal ground contours or to wet-scrub stack emissions of coal— must also be modified. 

8. Contingency plans must be developed to deai with sudden upheavals and interruptions in imports of oil and other highly critical 
materials. 

9. Critical longer-range developments, such as nuclear breeders which extend the nuclear option from decades to thousands of years 
must be assured. 

10. Finally, we in professional societies, educational systems and the media must live up to our responsibilities to avoid simplistic or 
wishful "gee whiz" solutions, and to educate the pubitc to our realistic dangers, options and consequences. A properly informed 

306 



public is now vital to the needed decisions and actions of our leadership and our institutions. The continued viability of our system 

depends on it. 
Moderator and presentor: R. Murray Campbell, Stone & Webster, Boston; and President, Mass. Voice of Energy. 
Workshop-Discussion, evening of August 5, 1981: 

24.5 

A TECHNICAL COURSE SERIES IN APPLIED SOLAR 
ENERGY AT THE SENIOR/GRADUATE LEVEL 

Ronald M. Cosby 

Department of Physics and Astronomy 

Ball State University 

Muncie, IN 47306 USA 

Abstract- A year long sequence of three courses in applied solar energy is offered at the senior level by the Department of Physics and 
Astronomy at Baj( state university, The course series is designed primarily for physics majors with career interests in res8 ^ rcn an ° 
development in the solar industry. This paper describes the goals, organization, content, textual and computer aids, and tne . mo 
courseware for these applied technical courses. Improvements In the course syllabi, computational exercises, and laboratory hardware 
experiments which have resulted from experiences in developing and twice teaching this course sequence are detailed. The teacmng 
strategy follows the broad outlines of component study, systems analysis, and specialized topics. Course one analyzes the solar resource 

and the optical thermal, and mechanical components common to most solar thermal systems. The second course completes tne 
components study and dwells on analyses of solar thermal systems synthesized from the studied components. Solar electrics, primarily 
photovoitaics. comprise the major study topic in the third course. Laboratory courseware has been developed for student experi merits on 
a variety of topics, including solar insolation, properties of solar materials, solar collector performance, solar ceils, and other, btuaent 
application of commercially available computer software to system design and analysis and student development of software are also 
important course objectives, as computer simulation serves as a valuable tool in the solar industry. 
* Laboratory courseware development supported by the National Science Foundation's Local Course Improvement Program, 

24.6 

CHEMICAL ENERGY STORAGE - A GRADUATE COURSE IN PHYSICAL CHEMISTRY. 

Dr. Wiktor Raldow 

Swedish Council for Building Research 

Sankt Goransgatan 66 

S-1 1 233 Stockholm, Sweden 

Abstract ¥¥ 

Many schools of chemical engineering in Sweden are presently reviewing their currlculae with regard to pertinence in energy matters. 
One of the planned new courses at the Royal Institute of Technology is "Chemical energy storage". This course, intended for graduate 
students in chemistry, deals with basic principles and limitations on different means of storing energy. 
Included are: 

- thermodynamics of energy storage and conversion, availability analysis 

- Thermochemical methods 

latent storage, absorption process, chemical heat pumps, high temperature storage and transportation 

- electrochemical methods 

primary and secondary batteries, fuel cells 

- photochemical methods 
photosynthesis, photochemical fuels, solar cells 

- thermal and mechanical methods 

- resource analysis, environmental impact, future energy systems, hydrogen economy 

The paper describes the goais and considerations behind the course and gives detailed information about its content. 
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SESSION 25: TARGETED PROGRAMS IN ENERGY 
AWARENESS, DESIGN, AND TRAINING 

25.1 

DESIGN OF PASSIVE SOLAR SYSTEMS 

by 

Donald L Mlchelsen 

Virginia Tech at Dulles 

Washington, D.C. 
Introduction 

Virginia Tech has an active graduate program located at the Dulles International Airport complex rn Virginia thirty miles from Washing- 
ton, D.C, The Engineering Program at Dulles offers evening courses leading to Masters degrees in five areas — Aerospace and Ocean 
Engineering, Civil Engineering (Analytical Photogrammetry and Remote Sensing), Electrical Engineering, Engineering Administration 
(Industrial Engineering and Operations Research), and Systems Engineering. Other program areas include Education, Business 
Administration, Economics, Computer Science, Public Administration and Policy, and Home Economics. 

During the 1981 spring quarter (10 weeks) the author taught an elective special study (trial) graduate course entitled "The Design of 
Passive Solar Systems" meeting one night per week, A total of twelve professionals, ail with full time jobs, were enrolled in the evening 
course (none with mechanical engineering degrees), but only 9 students finished the course. The course attracted enrollments age 20 to 
55, from General Accounting Office, U.S. Air Force (Pentagon), Johnson Controls, Mobil Oil, Frederick Community College, N.A.S.A. 
(Goddard Center, Md.), Automata, U.S. Navy (Crystal City, Va.), Sigma Data Service Corporation, Harry Weese and Associates, and 
Davis, Smith, Carter & Rider (2 students). The eight with engineering degrees and one with an architecture degree completed the course. 
The Course 

TABLE i shows the course syllabus. The author made numerous additions and changes in the sessions reflecting logistics and learning 
experience in teaching the course for the first time. The author taught the course as a design experience with the emphasis on applying 
energy conservation and passive design techniques to real situations. Only a few sessions addressed fundamentals with the remaining 
sessions involving tours, outside speakers, and discussions of individual and group reviews and reports. The main principles stressed 
were those necessary to conduct a total energy balance. Emphasis was placed on conduction, convection and radiation, solar insolation, 
heat pump fundamentals and integration of these concepts. Energy consumption for the quarter length design project was completed 
using the Brick Institute of America (1750 Old Meadow Road, McLean, Va 22102) worksheets based on accepted ASHRAE procedures. 
Passive contributions were based on the PSDH 1 1 (passive solar design handbook) and quantitative sections of the Mazria text. The group 
assignments (2 to 3 man groups) involved 1 ) an estimated performance of a home in Reston with a recently added "Sunspace" (toured in 
session 3), and 2) an energy evaluation of architecture, engineering and heating system of the Terraset Elementary School. Terraset 
School was toured in session 6 after extensive results were provided to the students for analysis during session 5. The author has studied 
and previously published several articles on the performance of the school. 

The major individual assignment was the quarter project which centered on 1) completing an evaluation of energy utilization of the 
students home adhering to ASHRAE techniques. A comparison to actual energy utilization was made when possible. Eight of the nine 
students selected their personal residence, the ninth a private school gymnasium. Part 2 required the student to propose and evaluate 
various energy saving and passive gain improvements to the base case. Theevaluation required a final design, and an estimate of the total 
capital investment and payout in years. I required students to complete month by month energy balances using degree day or average 
temperature information and actual or average insolation data for the Washington, D.C. area, i emphasized theseenergy balances rather 
than following PSDH 1 1 procedures to determine a typical Building Load Coefficient (BLC), calculate a Load Collector Ratio (LCR), and 
then estimate a Solar Saving Fraction (SSF) from a chart. 

The students were also required to give a presentation on a subject selected by them. Topics included various aspects of heat pumps (2 
presentations), thermal shutters, window losses, double envelope house, concepts of solar collectors. I had hoped for a wider selection of 
original topics in the passive area but did not get it. Next time I'll limit the appropriate subjects to passive concepts and design. 

The assignments for those with an engineering problem solving background were not highly technical orcomplex. However, I believe all 
the students were being exposed forthe first time to ASHRAE Fundamentals and energy calcu lations, and passive design calculations. As 
in any new field, it takes time to acclimate to new terms, definitions and dimensions. The students reacted well to the group and individual 
projects, and classes were very interactive between students and the instructor. I limited enrollment in this graduate course because of 
logistics in arranging home tours, and to encourage strong classroom participation. 

Course evaluations completed by the students were generally flattering and enlightening. I frankly was concerned about maintaining 
balance between emphazing passive solar and other energy fundamentals, versus group and individual case studies, versus tours and 
presentations by visiting architects. I chose to emphasize design and evaluation and expose students to numerous energy saving and 
passive facilities. The students completed computations essentially on their own using the texts and references provided. This 
arrangement succeeded because the 'iricK Institute "Energy Conservation" material was technically sound and easily understood 
although a copy of ASHRAE Fundamentals 1977 Is a must. The Brick I nstitute material includes a worked out example and provides blank 
worksheets which can be xeroxed and filled out by the students. Similarly the Passive Solar Design Handbook II has worked out examples 
making application simple - too simple. The ability to conduct a month by month energy balance and appreciate assumption made in 
carrying out these calculations are needed if a true understanding of passive contribution, particularly through the cold months, is to be 
appreciated. 

I chose not to dwell on hand-held or other largerenergy evaluation computer packages. The understanding and initial design experience 
must come first and assumptions in using these packages must be understood, 



308 



Reflections 

When I teach this course again I'll use the Brick Institute notes plus ASHRAE Fundamentals 1977 (a must) for energy balances; PSDH II 
and recent publications from AS of ISES for passive, particularly greenhouse design, selected sections of Mazria, particularly Suncharts 
which can be helpful in completing month by month heat balances, and the opening two chapters from Ambrose to explain heat pumps. 
Apparently Los Alamos Scientific Laboratory is in the process of assembling a design package for sunspaces, 

I would emphasize again a quarter length project evaluating a modification to an existing home or building, Another possibility would be 
to design a modification of a proposed new home for improved energy utilization and evaluate the cost effectiveness and payout. In either 
case the analysis would be completed with some rigor, including month by month heat balances. At the beginning of the course principles 
would be highlighted. Then, I would assess several existing passive solar facilities of schools, and flavor them with tours and visiting 
architects who can provide an original, refreshing viewpoint and dimension to us analytical types, 

I was most interested in opening the eyes of traditional engineers to a variety of energy saving techniques in conservation, heat pump 
utilization, as well as passive design. The engineers responded well. If I fail to excite students to the potential of passive solar energy and 
conservation, then the course has been unsuccessful! 

TABLE I 

ME 4980 - SPECIAL STUDY 
DESIGN OF SOLAR SYSTEMS 



Course Syllabus: Spring Quarter 1981, Wednesday 7-10 pm 



A design and problem solving experience involving presentations by architects, visits and/or analysis of several residences, including 
your own, a school and an industrial building. We will be visiting and analyzing several appropriate buildings on Wednesday evenings and 
may have to schedule tours on one Saturday morning. 

STUDENT BACKGROUND: 

1. Engineering or technical degree, or 

2. Some knowledge of thermodynamics, that is, understanding of meaning of enthalpy and heat transfer ("R" calculations). Prior 
approval needed. 

Specific Objectives: 

1. To calculate and estimate T.E.B. (Total Energy Balance) for the heating and cooling of your home, Terraset School, and existing 
home with high passive contribution, 

2. To consider as a component of the Total Energy Balance contributions from direct and passive solar and storage, solar collectors, 
heat pumps, metabolic inputs and appliances. To consider gains and losses from infiltrations and conduction, convection, and radiation 
through windows, walls, roof, ground and earth berming. 

3. To present a book or subject review on a solar architecture or solar engineering book or experience. Use of hand-outs and/or 
transparencies expected. 

4. To incorporate heat pump, and passive or active design concepts into modification of an existing home or building, or preliminary 
design of a (your) new home or commercial building. This is a final quarter project 

Textbooks: 

E. Mazria, The Passive Solar Energy Book, Rodale Press, Emmaus, Pennsylvania, 1979 edition. (Paperback) 

Total Environment Action, Inc., Passive Soiar Design Handbook: Volume I Passive Solar Design Concepts, U.S.D.O.E., DOE/CS- 

0127/1, US-59, 1980. 

Los Alamos Scientific Laboratory (J. Douglas Balcomb et al), Passive Solar Design Handbook: Volume II Passive Solar Design 

Analysis, U.S.D.O.E.. DOE/CS-0127/2, UC-59. 1980. 

R. D. McFarland and R, W. Jones, Performance Estimates for Attached Sunspace Passive Solar Heated Buildings (With Tables), 

published in AS of ISES meeting proceedings during 1980. Available through L.A.S.L. 

R, W. Jones and R. D. McFarland, Attached Sunspace Heating Performance Estimates, published in AS of ISES meeting 

proceedings during 1980. Available through L.A.S.L. 

Brick Institute of America (1750 Old Meadow Road, McLean, Va. 22102), Technical Notes On Brick Construction, Vol. 4C, 4D, 4E 

(ASHRAE based energy use estimates), 43A, 43B (Brick Passive Solar Systems). 

Selected DOE publications and xeroxed reference materials. 

References: 

E. R. Ambrose, Heat Pumps and Electric Heating, John Wiley Publishers, New York, 1966. 

American Society of Heating, Refrigerating and Air Conditioning Engineers. ASHRAE Handbook, 1977 FUNDAMENTALS. 

J. S. Doolittle, Energy - A Crisis - A Dilemma - Or Just Another Problem?, Matrix Publishers, Champaign, Illinois, 1977. 

J, F. Kreider and F. Kreith, Solar Heating and Cooling Engineering, Practical Design and Economics, Hemisphere Publishing 

Corporation, Washington, D.C., 1977. 

R. G. Stein, Architecture and Energy, Anchor Press/Doubleday, Garden City, New York, 1977. 

Subject Topic Areas: 

Low-cal house 

Arkansas hosue 

Double envelop house 

MIT houses 

Passive design computer programs 

Window designs 
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Shutters, shades 

Berming 

Infiltration losses 

Heat pump utilization 

Phase change energy storage 

Book review 

25.2 

TOWARD A SUSTAINABLE FUTURE 

Diane D. Shanks and Michael J. Holtz, Co-Directors 

International Institute for Energy and Architecture 

1708 13th Street 

Boulder, Colorado 80302 USA 
Abstract 

Leading design researchers and practitioners founded the International Institute for Energy and Architecture (IIEA) to meet 

headon the challenge of a sustainable future. A vehicle for collaboration and exchange, IIEA seeks to improve the quality of habitat for the 

world's peoples through increased understanding and development of energy-conserving, climate-adaptive architecture and urban 

design, IIEA research, education, and technical assistance programs, backed by a committed global network, emphasize reliance on 

natural energy forms and indigenous methods and materials. As a clearinghouse, IIEA will both initiate and facilitate the international 

transfer of timely research and design solutions. Institute support functions will offer a keen perspective on the status and potential of 

citmate-adaptive planning and architecture. 

Purpose: 

The purpose of this paper is to introduce the International Institute for Energy and Architecture and describe its organization, 
methodology, and program planning and implementation procedures. An effort will be made to clarify how IIEA programs and activities 
will be matched with various end user needs. 

Goals: 

IIEA has been established to meet two primary goals: 

* to improve the quality of building and habitat throughout the world by encouraging maximum use of local and natural energy 
sources; 

# to promote research and exchange of information on energy-conserving, climate-adaptive architecture and urban design. 

Organization: 

The International Institute for Energy and Architecture was incorporated as a tax exempt, not-for-profit Institute in September 1 980 under 
the laws of the State of Illinois, USA, The IIEA is divided into 13 geocultural and geoclimatic regions of the world. 

01, Middle East 

02, Upper North America 

03, Indian Subcontinent 

04, Industrialized Far East 

05, Latin America 

06, Pacific Commonwealth Nations 

07, Sino-Monogolian Region 

08, Socialist Bloc 

09, Southeast Asia 

10, Subsaharan Africa 

11, Western Europe-Mediterranean 
12* Western Europe-Northern 

13. United States 
Within each region a network of energy and design experts has been identified, comprosing the basis of IIEA. International activities, 
monitored regionally by IIEA Directors, along with specific needs and communications are networked through IIEA offices in the United 
States. IIEA Board of Directors and Advisory Councils represent recognized experts in building climatology and passive solar architec- 
ture throughout the world, 

Methodology: Programs/ Activities 

Serving as a clearing house, the Institute is establishing and conducting programs in research, cooperative education, training and 
technical assistance. It has organized exhibitions, design competitions and publications. Designed to foster and support vital exchange 
of data and research, these programs provide new tools and new formats for education in technology, methods and systems of 
sustainable design. 

The Summer institute for Sustainable Design 

While climate and energy have recently become important concerns for a responsive architecture, they have broader implications 
influencing urban design and patterns of growth. Within these concerns lies a new design challenge: to develop an architecture which 
acknowledges climate, resources and energy along with the urban context; incorporating social factors and commercial needs, along 
with new technologies. 

Sustainable Design is a multidlsciplinary process which seeks to integrate basic systems - transit, power, food, water, waste and shelter 
-into a more coherent and environmental sound urban form. The annual Summer Institute program is intended to develop and enrich the 
emerging field of sustainable design by drawing together experts from various disciplines to work with other professionals and advanced 
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students around the world. The Summer Institute will offer course work covering the various fields: climate-responsive architecture, 
biological systems, social factors, urban planning, energy analysis and local economics. Each Summer Institute program will address a 
case study studio design problem. Projects, integrating a full range of design issues, will involve the master planning and urban design for 
growth for a given region, The intent beyond the educational experience, is to produce a workable paradigm of integrated systems and 
urban design for publication and use by the local planning authorities and regional policymakers. 

Participant Catagories: 

* Architects, Designers and Practitioners will encounter new insights into energy efficient socially responsive building and urban 
forms. Involvement in the studio will allow this group to shape a unified design method based on a holistic approach. 

* Advanced Degree Candidates are elegible to participate with full accreditation in addition to scholorship opportunities. 

* Urban Planners will be challenged with integrating urban systems such a transportation, power generation, waste utilization, 
food projection, water resources, and housing into an ecologically design methods and construction details, climate and solar 
data, calculation methods. The primary user of this resource will be scientists, researchers and designers in building climatology 
and passive solar architecture who desire an efficient system for technical information exchange, 

Technical Workshops 

Intensive Workshops will emphasize immediate needs and skills development The first of a series of programs will center on the design 
and construction of energy-efficient large buildings. Data to be presented will include calculation procedures, thermal modelling, 
daylighting, design methods, cost analysis, energy use characterization, thermal zones, mechanical systems, preventive maintenance, 
construction details and post occupancy evaluation. Other planned workshop topics include earth-integrated large buildings and energy 

economics and energy financing. ~ 

Technical Assistance/Technology Transfer 

IIEA technical assistance and training program activities will encourage greater use of local materials, natural energy forms and 
indigenous methods in combination with new technology, international teams wil be assembled to assist countries or economic 
development agencies with planning, assessment, or specific project-related research and design activities. IIEA will make technology 
transfer available in an efficient and economical manner for regions of the world where importation of responsive strategy for master 
planning. Corporations and Multinational Firms are encouraged to think about sustainability in the course of their business development 
activities which directly influence community development and the environment. 

Exhibitions 

Exhibitions organized by IIEA will graphically display built examples and research results to the world's practitioners, students and 
public. An example is "Solar 4: Architecture and Energy", a "first of its kind" exhibit of passive solar architecture. This bilingual exhibit, 
representing the work of four well known solar architectural firms, is currently traveling in West Germany. Solicitations are underway to 
develop fullscale multilingual worldwide exhibitions of passive solar heating and cooling applications and earth-integrated buildings. 

Database 

IIEA is assembling a Database to assist in the exchange and dissemination of information on energy-conserving, climate-adaptive 
architecture and urban design. Currently 2500 entires have been compiled, representing organizations, universities, institutes, practi- 
tioners, component manufacturers, researchers and promoters: unique because all are specializing in the passive solar energy field. 
Additional information for the database includes case studies, technology isconstrained by lack of available funding. Such efforts will be 
implemented through the support of IIEA advisory councils in each geographical area. 

Collaborative Arrangements 

IIEA will help facilitate multilateral energy-related projects and act as a networking entity among international energy organizations. 
Definition of research and development needs and assessment of the "state of the art M of the worldwide energy situation are examples of 
collaborative programs. 

Publications 

Another element of 1 1 EA's information dissemination role is the issuance of a variety of publications concerning climate-adaptive, 
energy-conserving architecture and urban design directed to practitioners, researchers and policymakers throughout the world. 
Publications completed or under design include a newsletter, journal, glossary of passive solar energy terms, an international survey of 
passive solar architecture and a variety of regional monographs. 

Design Competitions 

Historically design competitions have served as an educational tool for students and professionals. The process brings practitioners 
quickly up to date in the latest technology of any emerging design field. Results of competitions are a proven method of communication to 

significant portions of the academic and public sectors. IIEA fully supports the concept of competitions. Through the resources available 
in its Advisory Councils, IIEA has the complete expertise necessary to successfully formulate, conduct and jury design competions. 

Toward A Sustainable Future 

Changes in global perspective on habitat and energy have given rise to new patterns within the international design community. This 
emerging perspective focuses on an approach that carries the promise and potential to transform the vision of a sustainable future intoa 
reality. Throughout the world, networks of expertise and shared philosophy are evolving, unifying the move toward an improved quality of 
life and creating local solutions from international experience. From within these networks, the International Institute for Energy and 
Architecture has grown. Only through collaboration and shared goals can the world together move to an era of sustainability. The IIEA 
facilitates collaborative action in ways that clearly show the potential benefits of architecture and urban design responsive to environ- 
ment and local needs. 
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25.3 

ENERGY AWARENESS IN FLORIDA 

Thompson and S.A. Lofaro 

Daytona Beach Common College 

K . . . Daytona Beach, FL 

Abstract J 

Daytona Beach Community College, under a Florida Governor's Energy Office grant, sought to identify educational energy- 
awareness and conservation needs throughout the State of Florida. Further goals were to form an energy-awareness network for 
dissemination of energy data while planning to produce multi-media modules on energy-awareness and conservation, 

In December of 1979, Daytona Beach Community College conducted a survey of the community colleges and vocational/technical 
schools withi n the state. This survey determined both attitudes on energy, such as belief or disbelief in an energy crisis, as well as energy 
concepts/courses already in place. The survey also ascertained theinterest level in energy and its conservation among the56 institutions 
comprising community colleges and vocational/technical centers. Fifty-five institutions actively participated in the survey; 1 ,880 survey 
instruments from fuil-time faculty members were returned to DBCC, out of the 2,630 distributed (each department received a maximum of 
five (5) instruments). This reflected a 71 % return rate. Following tabulation of the survey data, three (3) statewide conferences were held 
in order to both form a network of representative community college and vocational/technical personnel and to disseminate the survey 
data. These conferences became vehicles for planning future procedures as regards energy education. 

The survey results showed (1) A belief that the energy crisis is real, long-term and solvable. (2) A belief that energy awareness and 
conservation modules can be incorporated, in the main, into existing courses and curricula. (3) A view that the community colleges and 
vocational/technical institutions are and should be primary vehicles for energy education. (4) A belief that audio-visual presentations are 
the "treatment of choice" for presenting energy education, and finally, (5) the recommendation that a dedicated corps of people be 
formed from those who either wish access to pre~made audio-visual energy presentations or who wish to collaborate in the preparation of 
audio-visual materials for their particular discipline areas. 

The results of the survey as disseminated and discussed in the conferences were incorporated into plans meeting the identified needs. 
These are intiaily to produce four (4) complete media modules on energy to aid institutions with energy-awareness in their curricula. 
These modules will focus on introducing energy awareness and conservation into the broad curricula of Business, Building Trades, 
Humanities, and Home Economics which are the initial target areas of request. 

These modules will be introduced to community colleges and vocational/technical institutions in two (2) state-wide workshops. The 
energy modules will then be made available to all interested institutions thru the Florida Governor's Energy Office. 
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SESSION 26: OUTREACH AND TECHNOLOGY TRANSFER PROGRAMS 

26.1 

USED CRANKCASE OIL DISPOSAL PRACTICES; IMPLICATIONS TO RECYCLING PROGRAMS 

E.J. Hoffman 

Graduate School of Oceanography, University of Rhode Island 

Kingston, Rhode Island 02881, USA 

E. Askins, Joint Legislative Committee on Energy 

P.O. Box 142, Suite 305, Senate Gressette Building 

Columbia, South Carolina 29202, USA 

J.G. Quinn, Graduate School of Oceanography 

University of Rhode Island, Kingston 

Rhode Island 02881, USA 

J. Marchand, Joint Legislative Committee on Energy, P.O. Box 142, Suite 305 
Senate Gressette Building, Columbia, South Carolina 29202, USA. 

Abstract 

A used oil survey conducted in two states, Rhode island and South Carolina, revealed that used oil recycling programs are feasible in 
areas of widely divergent demographic characteristics. The popularity of changing one's own lubricating oil varies regionally as do the 
methods used to dispose of the used oil. Residents in both states had positive attitudes toward recycling. The survey results indicated that 
the two key factors toward success of a used oil recycling program are convenience of the collection centers and education of the 
residents about the program's existence. In practice, there are funding and logistical constraints to effective educational campaigns. 
Energy educators can help these programs by including this topic in recycling sections of their curricula. 

Introduction 

The recovery and recycling of used lubricating oils has been the subject of recent legislation, both on national and state levels, it is clear 
that Federal policy, as exemplified in the Energy Policy and Conservation Act of 1 975 t the Resource Conservation and Recovery Act of 
1976 and the Used Oil Recycling Act of 1980, encourages recycling of used oils. The advantages of this policy are both economic and 
environmental, Not only is used lubricating oil a useful resource which can be re-refined (at lower cost than to refine new oii for 
lubrication) but also it can be used as afuel after only some minor cleaning procedures. The environment benefits from used oil recycling 
in that every gallon which is re-refined or cleaned does not contaminate the soil, groundwater, rivers and the oceans. 

As a part of a project to determine the sources of oil pollution to Rhode Island's major estuary, Narragansett Bay, it was necessary to 
determine how much oil was getting into the bay from do-it-yourselfer oil changers dumping their used automotive oil down sewers. At 
the same time, the legislature of the State of Rhode Island was considering legislation to encourage recovery of this used oil. The survey 
was therefore designed to find out (1 ) how many do-it-yourselfer oil changes there were in the state and thus determine the economic 
feasibility of starting such a program and (2) what methods people used currently to dispose of their used oil as a first step to address 
potential environmental impacts. 

Rhode Island and South Carolina are among 47 states which are currently members of the National Association of Oii Recovery 
Coordinators. The Rhode Island survey was conducted in the fall of 1979, and the questionnaire was made available to these State 
coordinators in April 1 980. Since South Carolina was also in the process of collecting data to serve as a basis for legislation, this survey 
questionnaire was expanded and was used again in South Carolina to gather their local data, Therefore, this paper is the result of two 
used oil surveys conducted in two different states using a questionnaire that was virtually indentical with respect to used oii items. 
Because the Rhode Island questionnaire 1 was directed soley toward residents of the City of Providence, a highly urbanized area, and the 
South Carolina survey 2 also included suburban and rural population segments, the comparison of these data provided useful demogra- 
phic differences which are of great utility in the design of used oil recovery programs tailored to the specific region of interest, 

Methodology 

The Rhode Island questionnaire and the segments of the South Carolina questionnaire dealing with used oil are given in Figures 1 and 2, 
The two versions are very similar. The original questionnaire from Rhode island was pretested twice, once by personal interviews to 
determine its readability and attractiveness and once by mailing to determine the anticipated response rate. 

A comparison of the survey techniques used in the two states is given in Table 1. In both surveys, the names of the individuals sent 
questionnaires were selected from the respective telephone books using systematic random sampling. The response rates after the first 
mailing, 33.5% and 34.4% were similar, In Rhode Island a reminder letter with a duplicatequestionnaire was sent after one month to those 
individuals not responding the first time. This accounts for the higher total response rate in Providence, Because the original number of 
people sent questionnaires in South Carolina was larger, the individual responses, 417 vs. 492, were very similar in the two surveys. 

In order to provide additional demographic data,, the South Carolina responses were divided into two categories, rural and urban. The 
rural areas were defined as towns less than 25,000 in population; urban areas were towns greater than 25,000 with no town in South 
Carolina exceeding a population of 97,000, and maximum population density of 900 people/square mile. The Rhode Island study 
questioned exclusively residents of the city of providence, a city of 1 79,000 with a population density of 9900 people/square mile. The 
Rhode Island area considered can be classified as highly urban. 

Results and Discussion 

A. Car Ownership. The distri bution of cars in each household in the survey area is given in Table 2. The data indicates that there are fewer 
cars/household in Providence, This probably reflects the availability and popularity of mass transit in Northeastern cities. Even though 
the number of cars per household in Providence is smaller, the increased population density there makes the numbers of potential 
lubricating oil customers per unit area greater than the urban areas of South Carolina. 
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B. Frequency of Oil Changes. The freguency at which the oar-owning population changed the oil in their cars is given in Table 3. The 
frequency of oil changes was similar in urban and rural areas in South Carolina and Rhode Island. 

C. Do-it-yourself ON Changers. The percentages of do-it-yourself oil changers in each study area are given in Table 4. Again, there is a 
difference which can be attributed to demographic considerations. As the population density in the study areas increased, the 
percentages of do-it-yourselfers decreased. Coments made by some of the Rhode Island respondents indicated that more people would 
change their own oil if they had an easy way to dispose of the used oil. 

D. Point of Purchase. The types of places at which do-it-yourselfers bought their oil are given in Table 5. The places given are similar in 
both study areas although discount stores seem to be more popular in urbanized areas. This is probably due to the increased proximity 
and availability of these outlets in cities. No Providence residents responded that they bought their oil at grocery stores even though 
grocery stores do carry lubricating oil. It is likely that the grocery store prices in R.I. are not competitive with other outlets. 1 n addition to 
the three predominant outlets, outlets in the "other" category include wholesale distributors, oil companies, bulk oil plants, military base 
exchanges, drug stores and large department stores. When advertising the existence of a local or state recycling program, at the very 
least, posters and collection center information should be posted at all the local discount houses and auto supply stores and expanded to 
other outlets as local conditions indicate. 

E. Methods of Disposal. The disposal methods utilized by the survey respondents are given in Table 6. At the time of this survey, the only 
existing used oil disposal method leading in some degree to its recovery was taking the used oil to a service station. The service station 
owner could either sell his used oil to a waste oil collector or burn it as a fuel to heat his station. In both states the practice of giving used oil 
to a service station is unpopular. This may bathe result of two considerations. It is inconvenient to take the oil anywhere (as demonstrated 
by later responses) and service station owners in the past have not been willing to accept the oil from do-it-yourselfers, reasoning that this 
could cut into their own lubricating services. About six months before this survey was conducted in Rhode Island, the environmental 
groups Ecology Action for Rhode Island and the Rhode Island Audubon Society convinced the Ocean State Service Station Owners 
Association to start accepting used oil from do-it-yourselfer oil changers. This agreement, however, was not widely publicized and there 
was little impact of this program on the general public. The State of Rhode island has only very recently started its own recovery program 
but it is centered around service stations who volunteer to be collection centers for the used oil from do-it-yourselfers. To date, 113 
service stations have volunteered. Because the publicity campaign has just begun, it is too early to determine whether the number of 
people taking their oil to service stations wiil increase. 

In Providence, the most popular disposal technique was simply to throw the oil into their garbage cans. By comparing the South Carolina 
and Rhode Island results, it is apparent that garbage can disposal's popularity also increases with increasing population density. In South 
Carolina, however; the most popular method is to pour the oil out in their backyard. This technique is not as popular in Providencesince 
the land devoted to yards is quite limited. 

The percentages of people pouring their oil on the road are low at both surey areas. This technique seems to be slightly more popular in 
urban areas. The percentage of do-it-yourself oil changers who dump their used oii down sewers or catch basins is cleariy higher in the 
highly urbanized city. The catch basins in the city of Providence are, unfortunately for receiving water bodies, a very convenient way to 
dispose of the oil, especially if the cars are parked on the streets when the oil is changed. 

The practice of taking the used oil to the local town dump appears to be more popular in rural areas than n urban regions. This response 
may also be inflated over actual conditions since this choice may be perceived by the respondents as being the most environmentally 
acceptable response. For example, 2.8% of the Providence respondents said they took their oil to the town dump. This result is hard to 
interpret because Providence does not have an active town dump. These respondents could actually be using some other disposal 
method or could be dumping it sureptitiously at unofficial or inactive dumps. 

Waste Disposal in South Carolina 

PLEASE INDICTE BY A CHECK-MARK ( ) OR BY FILLING IN THE BLANK YOUR RESPONSETO EACH ONE OF THE FOLLOWING 
QUESTIONS. 

1. Do you take your used aluminum beverage cans and other scraps of aluminum to a recycling center? 

C ) Yes 

( ) No, there is no recycling center for aluminum in my area. 

( ) No, it is not convenient for me to take it to the center, 

( ) No, I don't know if we have a local recycling center. 

2. Do you take your broken glass and old glass bottles and jars to a recycling center? 

( ) Yes 

( ) No, there is no recycling center for glass in my area. 

( ) No, it is not convenient for me to take it to the center. 

( ) No, I don't know if we have a local recycling center. 

3. Do you take your old newspapers and other used paper to a recycling center. 

( ) Yes 

( ) No, there is no recycling center for paper in my area. 

( ) No, it is not convenient for me to take it to the center. 

( ) No, I don't know if we have a local recycling center. 

4. Is (Are) your recycling center(s) run by a private company or as a community or school service? 
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,A 



Aluminum 

Private company 
Community service 
School service 

Other 

Don't know 
No center 



Glass 

) Private company 

) Community service 

) School service 

) Other 

) Don't know 

) No center 



Paper 

) Private company 
) Community service 
) School service 
) Other 



Don't know 
No center 



5, How many cars do you and your family (living with you) own? . 

6. How often do you change the lubricating oil in your car(s)? 



( ) Once every 1-3 months 
{ ) Once every 4-7 months 



Once every 8-12 months 
( ) Other (specify) 



7. Do you usually change the lubricating oil in your car(s) yourself, or do you have the oil changed for you? 

( ) We change it ourselves. 

( ) A service station changes the oil. 

( ) A discount or auto service center changes it. 

II. PLEASE COMPLETE THE FOLLOWING SECTION IF YOU OR YOUR SPOUSE CHANGE YOUR OWN OIL OTHERWISE SKIPTO 
SECTION III. 



1. Where do you usually purchase your oil? 

( ) Convenience store 
( ) Grocery store 
( ) Discount store 



( ) 
( ) 



Auto supply store 
service station 
Other (specify) 



2. What do you do with the used lubricting oil form your car(s)? 



We give it to a service station. 

We put it in our garbage can. 

We store it at our home. 

We pour it out or bury it on our property or a neighbor's property. 

We pour it on the road. 

We pour it down the storm drain or sewer. 

We take it to the town dump. 

Other (please specify) 



3. If you store your waste oil, what do you keep it in? 

( ) A storage tank 
( ) Metal drums 
( ) Gallon cans 



( ) 
( ) 
( ) We don't store the oil 



Metal or plastic buckets 
Other (specify) . 



4. Would you be willing to package your used lubricating oil to a recycling barrel if such a program were available in South Carolina? 

Yes 

Yes, if a recycling barrel were close to our home. 

Yes, if a recycling barrel were close to our favorite shopping center. 

Yes, if a recycling barrel were located at our town dump. 

Yes, if it were picked up by my public or private garbage collector. 

No, it would no be convenient for us to participate. 



( ) Other (specify) , 



111.1. I am: ( ) Male ( ) Female 

2, I am: ( ) White ( ) Black 

3. Which of the following income categories comes closest to your family's total yearly income in 1979? 

( ) Under $10,000 
( ) $10,000 to $14,999 
( ) $15,000 to $19,999 

4. Finally, in what year were you born? . 



( ) $20,000 to $24,999 
( ) $25,000 to $34,999 
( ) Over $35,000 



Thank you for your time. Please check to see that you have answered all questions that apply to you. Then mail this questionnaire 
using the postage-paid reply envelope enclosed. 
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Table 1. 
METHODS USED 



5. Carolina 



Contractor 
Method of selection 



No. of questionnaires 

mailed 

% returned by post office 

% completed questionnaire 

first mailing 

% completed questionnaire 

total 

Total responses received 

Sampling error 

Type of population 

surveyed 



Metromark Market Res. 
random from telephone 
book 



Rhode Island 



University of R.I, 
random from telephone 
book 



1439 

13.4% 


1000 
7.7% 


33.5% 


34.4% 


33.5% 
417 
5% 


53.5% 
492 
5% 


rural & urban 


highly urban 



Table 2, 
CAR OWNERSHIP 



$» Carolina 



R.I. 



rural 



No car 

One car households 
Two car households 
More than two cars 



6.0% 
35.3% 
39.4% 
18.8% 



urban 



highly urban 



3.5% 
33.7% 
43.7% 
17.1% 



13.3% 

46,6% 

30.7% 

9.4% 



Table 3. 
FREQUENCY OF OIL CHANGES 



S. Carolina 



/?./. 



rural 



urban 



highly urban 



Once every 1-3 mo 
Once every 4-7 mo 
Once every 8-12 mo 
Other 



13.7 

58.8 

17.6 

7.8 



13.3 
53.2 
20.2 
11.7 



21.1 

53.1 

20.3 

5.5 
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Table 4. 
DO-IT-YOURSELFERS OIL CHANGERS 



5. Carolina R.I. 



rural urban highly urban 



Do-it-yourselfers 48.5 39.9 33,5 

Service stations 51,5 59.5 66,5 



Table 5. 
WHERE IS OIL PURCHASED 



S. Carolina ft./. 



rural urban highly urban 



Discount store 48.0 51,9 59.5 

Auto supply 23.0 26.0 11.8 

Grocery store 9.0 13.0 

Other 20.0 9.1 287 



wholesale distributors 
oil companies 
bulk oil plants 
military base exchanges 
drug stores 



Table 6. 
METHODS OF DISPOSAL 



5. Carolina ft./. 



rural 



Give it to service station 3.0 

Put in garbage 14.0 

Store at home 5.0 

Pour it out or bury it 38.0 

Pour it down sewer 1.0 

Take to dump 9.0 

Other 24.0 



rban 


highly urban 


10.4 


6.9 


23.4 


40.7 


6.5 


4.1 


39.0 


29.7 


2.6 


7.6 


3.9 


2.8 


14.3 


3.5 



317 



Table 7. 
"OTHER" DISPOSAL METHODS 



No. of responses 



S. Carolina 



Pest control 

kill weeds 

on cows for ticks & flies 

under house for termites 
kill ants 
Preservative 

grass around fences 

wood preservative 

fence posts 
Oil for machinery 

oil farm machinery 

chainsaws & lawn mowers 

tools 
Oil for burning 
Dust control 
Others 

use at work 

pour around pecan trees 

pour into dry well 



5 

1 
1 
1 

3 

4 
1 

4 
3 
3 
6 

1 


1 




Table 8. 
PARTICIPATION WILLINGNESS 



5. Carolina 



R.l. 



1 





2 






1 
1 

2 


1 



R/. 



rural 



urban 



highly urban 



Yes 
No 



73.0 

27.0 



83.1 

16.9 



93.8 
4.1 



Table 9. 

PARTICIPATION FORM PREFERRED 



5. Carolina 



R.I. 



rural 



urban 



Close to home 

Close to shopping center 

At dump 

If picked up 



78.0 
6.0 
0.0 

16.0 



highly urban 



66. 7 
9,5 
2.3 

21. 4 



71.1 

24.6 

4,3 
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26.2 

TECH TRANSFER IN GEORGIA TECH'S ENERGY PROGRAMS 

Carol L. Aton 

Engineering Experiment Station 

Georgia Institute of Technology 

Atlanta, Georgia 



Georaia Tech's Engineering Experiment Station has been intrumental in making residential and indust r.alj s^tors aware of energy 
conservation anc TaUemate energies. A variety of technology transfer mechanisms, each geared to a spec.f.c aud,ence with P™°™*' ved 
Ss, hav effecte significant reductions in energy usage. Briefing reports, applications manuals, semina.3 w tahops. 

audiovisual programs, direct personal contact, and promotional materials are all tools that Georg.aTech has used.This paper w.ll present 
specific examples of how these tools have been used effectively. 



?he Technology Applications Laboratory's Technology Transfer Branch is part of the Engineering Experiment S at.on of the Georgia 
institute of TechnoK The Engineering Experiment Station is an applied research organization conducting invest.ga ions mengmeer- 

nfscen^ 

aTaaencies industrial firms, and foreign countries. As chartered by the Georgia Legislature, its purpose n to serve the community/ state. 

andEnbyperfor^Ing^ 

and education aiding industrial and economic development, and participating In national and international programs of sc.ence. 

technology, and preparedness. 

The Engineering Experiment Station currently has a staff of nearly 600 full-time professionals. 1200 full-time j ^^^^^ d 

support from 400 faculty, students, and consultants that prticipate on a part-time basis. This past year in excess of 400 contractors and 

grants were executed, ranging from small efforts to multimillion-dollar programs. 

The Technology Applications Laboratory (TAL)isoneof eight major administrativeunitsoftheEngineering Ex P^™ntStrtlo^mary 

emohasis within the Laboratory is placed on developing engineering technology that is econom.cally pract.ca and is effectrve in 

co^mu^cSing technical information to Industrial audiences and to individuals. Sources of funding include the U.S. Department of 

EnTrav the Geo gia Office of Energy Resources, the U.S. Department of Energy, the Georgia Office of Energy Resources, and the I US 

Department of Agriculture as well as the U.S. Agency for International Development, the World Bank, the Organizat.on of Amer.can 

States, the Korea Credit Guarantee Fund, and numerous others. 

Bemuse a^dTen'ce's'vary widely, an important first step is to determine the appropriate technology transfer mechanism to disseminate 
technical results to potential users, It is necessary to: 

* Identify target audiences through contacts with trade associations, technical societies, government agencies, and community 
organizations 

* Determine potential users' needs 

* Relate technical data to practical applications _ 

* Assess the information required for transfer 

A market study can often define the problems and optimum solutions to implementing proposed technologies. This includes evaluating 
current technologies to be replaced or upgraded, determining potential or perceived barriers to application, and examining the causes for 
' those barriers. 

The results of the study will determine the specific audience to be addressed which, in turn, will determine the most effective transfer 
mechnanism. For example, a business executive may not have timetosit through an 8-hour workshop; but he could beinduced by means 
of a hiqh quality, concise briefing report to send his technical manager. Small business owners, aware of the technologies available but 
without the technical or monetary resources for implementation, would respond favorably to a step-by-step applications manuaL 
Homeowners are delighted to cometoexhibits of hardware they can use and find how-to manuals very handy, butthey do not oftenattend 
full-day workshops with a sizable registration fee. Policy makers are busy people often bombarded by lobbyists from ail sides; briefing 
reports or short concise presentations with a significant message are better methods of communication than lengthy seminars or 
reference manuals. 

Georgia Tech's Energy Programs ,,*,.<»*„,,, 

The Technology Applications Laboratory has participated in a number of energy programs over the years. Presented below are tour 

typical examples. 

The^ndust "aTEnergy Extension Service, commonly known throughout the State of Georgia as IEES, is in its fourth year of funding 
through the Georgia Office of Energy Resources. IEES is designed to stimulate more efficient use of energy resources by the industrial 
community through individual technical assistance and technology transfer, The program is voluntary and offered at no cost to Georgia 

Initially, thelEES was promoted by press releases, brochure mailings, phonesolicitation, and otherformsof advertisement. Withir i a year, 
however, enough momentum was gained in the individual technical assistance area to make an active promotional campaign for thus type 
of work unnecessary, In fact, since the initial start-up period, the program has maintained a backlog of firms desiring energy audits or 



319 



technical assistance. Promotion of technology transfer efforts, of course, remains an ongoing part of the IEES program. The IEES 
prog ram results to date: over 74 billion Btu's saved or $217.5 million thatcan be.utilized by industry for purposes otherth an buying costly 
energy. 

The technology transfer efforts of IEES have been widely and favorably received. Applications manuals have been prepared to 
accompany practically ail of the 50 workshops. A bi-monthly newsletter, the Conserve/-, is now mailed to more than 6000 business and 
industry representatives, This publication continues to serve as an excellent vehicle not only to transfer energy saving ideas but also to 
keep industry aware of program efforts. Of the 32 Energy Tips developed to date, more than half have been published in Chemical 
Engineering magazine, with two of them receiving second and third prizes as best short articles published in 1980. Briefing reports 
concentrate on specific areas with particularly high energy conservation potential and have been distributed to industry both in and 
out-of-state, 

Wood Heaters of Homeowners 

Several years ago the Technology Applications Laboratory embarked upon a program to revitalize interest among homeowners in using 
wood for space heat. Georgia imports 97% of its energy; yet a valuable resource that is abundant in the State was going to waste. 
Under State of Georgia funding through the Georgia Forestry Commission, Georgia Tech engineers designed a mobile exhibit that 
logged 8000 miles of travel and attracted over 25,000 visitors in its first year of operation, Two 40-foot trailers were equipped with wood 
heaters and wood furnaces typical of those available on the market. Each unit was accompanied by descriptive material on design 
features and cost. In addition, educational pamphlets on how to buy, install, operate, and maintain wood heaters were made available. 

A spin-off of this successful program was funded by the Tennessee Valley Authority (TVA). Georgia Tech produced three two-day 
workshops for TVA's Wood Heater Project. TVA loans $800 interest-free for the purchase and installation of wood heaters; but before the 
loan is approved, the stove installation must pass a thorough inspection. Our workshops trained 70 wood energy advisors to inspect the 
installations as well as to provide safety information to homeowners, 

"Safe and Warm Wood Heat" was compiled as a training manual for the inspectors; however, it proved to be very popular with 
homeowners, retailers, building code officials, and fire marshals also. Nearly 12,000 copies have been distributed and an expanded 
edition will be available for distribution this fall, 

A State Demonstration in Wood Energy 

The wood energy program is concluding its second year of operation in Georgia, Funded by the Department of Energy through the 
Georgia Office of Energy Resources, Georgia Tech offers technical assistance and information to nonforest industries on the use of wood 
as an industrial fuel. The entire spectrum of technology transfer mechanisms has been used to generate interest in this abundant natural 
resource of the Southeast. Of the 40 companies for which feasibility studies were conduced, 75% are actively interested because of the 
fast paybacks demonstrated. If only half of these plants convert to wood, 250,000 gallons of fuel oil and 2.5 billion cubic feet of natural gas 
will be displaced. 

International Technology Transfer 

The International Division (ID) is an administrative unit within the Technology Applications Laboraory. It consists of a core of highly 
trained professionals representing the fields of mechanical engineering, civii engineering, industrial engineering, sanitary engineering, 
physics, and chemistry. The International Division has conducted research projecters for the past 15 years throughout the world and is 
currently active in Haiti, Ecuador, Jamaica, the Dominican Republic, the Philippines, Sri Anka, Indonesia, Korea, and Tunisia. Interna- 
tional programs include planning, design, construction, and evaluation of energy conservation and alternative energy technologies, 
information transfer, and technical assistance. 

Energy conservation programs range from design and installation of new types of heat exchangers to the technical background for a 
major energy conservation effort by the Government of Jamaica. Georgia Tech personnel have evaluated conservation measures for 
foreign. countries and have examined and made recommendations on the necessary institutional support to achieve energy objectives. 

A program is presently being conducted in Haiti in the area of solar desalination. Several prototypes have been designed and tested, and 
within the next few months a 30 square meter unit will be fabricated near St. Marc in Haiti. The international staff also worked with a 
counterpart organization in Kuwait on the development of an absorption air conditioner appropriate to that country. 

Several programs in the area of solar-cookers have been conducted. A one-year program was conducted in Mali during which the staff 
designed, fabricated, and tested several models of solar-cookers. A new type of "spiral" concentrator has been recently developed at 
Georgia Tech as a result of this research and is now being tested under field conditions in Mali. 

The staff of the International Division have presented training courses both at Georgia Tech and overseas since the early 1960's. 
Professionals from nearly all of the Latin American countries, and from Egypt, Nigeria, Ghana, Morocco, Korea, Indonesia, and the 
Philippines have received training in subjects such as energy, conservation, technology transfer, information handling, marketanalysis, 
and feasibility studies. Each of these programs has been custom designed to meet the specific traning needs of smalt groups of people. 

The International Development Data Center (IDDC) is the information collecting and disseminating unit of the International Divsion. 
IDDC features a specialized collection of more than 5,000 documents related to alternative energy systems, water and sanitation, 
small-scale industry, appropriate technology, and developing countries. Computer terminals installed in the Center provide access to 
more than 150 on-line indexing and abstracting data bases with millions of citations. 

Typical services of the IDDC staff include the following: 

* Literature searches and specific probiem-orlefited research in energy and water. 

* Compilation of bibliographical materials, special reference quides, and directories. 

* Instruction and assistance in establishing information support for energy and water development programs in LDCs. 



320 



* Technical assistance to established data centers in counterpart countries and other LDC institutions. 

* Compilation and publication of international-oriented newsletters, brochures, and similar publications. 

26.3 

IMPACTING ENERGY POLICY THROUGH TECHNOLOGY TRANSFER 

Gerard G. Ventre and Colleen M. Kettles 

Florida Solar Energy Center 

Cape Canaveral, Florida 32920 

Introduction 

The Florida Solar Energy Center (FSEC) has established a technology transfer program which offers a unique opportunity to affect state 
energy policy. 

Because of the seriousness of current energy problems and the associated increase In activity in legislatures and government agencies, it 
is extremely important that accurate, objective, clear and concise information be transferred to policy and decision makers. Faculty and 
researchers at educational institutions have both the right and responsibility to share theirviewsandexpertisewith government leaders, 
This paper discusses the Center's program to broaden the knowledge base prerequisite to making prudent energy policy decisions. 

Organization 

The Florida Solar Energy Center is a statewide institution staffed by approximately 75 employees from a variety of tecnicai and 
non-technical disciplines. It is part of the State University System of Florida and its activities and responsibilities, broadly stated, include: 
research and development, systems engineering and analysis, standards development, equipment testing and certification, technology 
demonstration and applications, institutional analysis, and technology transfer. 

The Center has three divisions: Research and Development, Testing and Laboratories, and Engineering and Applications. The responsi- 
bility for technology transfer rests in the Engineering and Applications Division and, consequently, there is a very strong association 
between the technology development and the technology transfer processes. 

The professional staff within the division includes engineers, architects, a research attorney, business majors, and education and 
information specialists. 

Technologies which are currently being researched, tested, analyzed and transferred include soiar waste rand pool heating, active soiar 
heating and cooling, passive solar and low-energy building design, photovoltaics, wind and ocean thermal energy conversion. 

Target Audiences 

Target audiences can be categorized under three general headings; (a) the public, (b) educators and (c) the implementation sector. Each 
of these three groups is important, has differing needs, and may have direct and indirect impacts on energy policy development and 
decision making. 

Despite the fact that energy policy formulation is affected by many inputs from the public, education and implementation sectors, there 
are relatively few groups which have direct responsibility for energy policy implementation. Within the state of Florida, they are: the 
governor and the Governor's Energy Office, the legislature, the courts, the Public Service Commission, the Department of Veteran and 
Community Affairs, the Department of Professional Regulation, the Department of Agriculture and ConsumerServices, the Department 
of Transportation, and local governments. 

It should be emphasized that the Florida Soiar Energy Center has no policy making authority or responsibility. However, the Center has 
assumed the responsibility for providing energy policy recommendations to those organizations requiring and/or requesting such 
information. 

Activities and Results 

Past, present and imminent activities in which the Florida Solar Energy Center interacts with policy making organizations include: the 
development of policy action plans, soiar commercialization needs assessments and recommendations, legislative briefings on technol- 
ogy status, policy and bill analysis for legislative committees, development of solar standards and the associated administrative 
procedures, establishment of research and development priorities, feasibility studies for local governments considering energy options, 
support for state agencies involved with implementing energy legislation and regulations, assisting in the establishment of a solar 
contractor license classification, and conducting special education and training programs in response to the needs of government. 
Although all of the above activities are considered important, only those with the greatest impact on policy formulation will be discussed. 

Policy Action Plans 

In August 1979, the FSEC received a request from the Governor's Energy Office (GEO) for policy recommendations in the area of solar 
energy. They preferred that our response be phrased in terms of a numerical goal (similar to the Domestic Policy Review) to target the 
number of solar systems in place by a specified year, given a certain amount of government assistance in goal attainment. Our task was to 
establish that goal and suggest how to reach it. The ultimate numerical goal established was 500,000 solar installations by 1986, and the 
recommended program actions to achieve it included the following: establish a task force to resolve the solar licensing/codes issue; 
restrict the use of non-renewable resources for swimming pool heating; restrict the use of electric resistance water heating; include 
energy impact assessment in the state planning process; assess the potential of biomass energy resources; develop a comprehensive 
solar consumer assurance program including installer training and licensing, consistent solar codes, standards implementation, and 
warranty insurance; establish a preferred utility rate structure for solar users; direct utility R&D funds to renewable energy technologies; 
impose an energy user's tax to provide solar subsidies; establish a property tax exemption for solar; and intensify solar educational 
activities for practitioners, educators and the general public. 
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The Florida Solar Action Plan containing these recommendations and supporting data was forwarded to the Governor's Energy Office. A 
number of legislators who contacted FSEC with similar requests for policy recommendations asJo received copies of the document. 
In January 1980, Governor Graham announced energy recommendations to thestate legislature at a press conference called specifically 
for that purpose. Sixteen major items addressing electric energy consumption, transportation, and potential funding sources for the 
suggested program were revealed. The Governor's comprehensive program incorporated most of the FSEC recommendations. 

1980 Legislative Response 

Key legislation passed by the 1980 session can be classified into four main categories: 1) utility-related programs, 2) tax incentives, 3) 
codes and standards, and 4) research and development funding. 

The Florida Energy Efficiency and Conservation Act (FEECA) included provisions implementing the Residential Conservation Service 
(RCS) program; requirements for the develpment of utility conservation and efficiency goats; and a prohibition of utility rates which 
discriminate against solar users. 

The National Energy Consrvation Policy Act of 1978 established the Residential Conservation Service Program. The Florida Energy 
Efficiency and Conservation Act, passed by the 1980 legislature, went a step beyond the federal legislation by requiring that all Florida 
electric and gas utilities participate in the program, regardless of volume or regulatory jurisdiction. Because of its high potential impact, 
FSEC chose to become heavily involved with the renewable portion of the RCS program and subsequently developed computer 
programs, auditing procedures, a Florida RCS manual, and training programs for utility auditors. 

The 1980 Florida Legislatuare authorized an ad valorem tax exemption for renewable and energy-conserving devices. The net effect of 
the exem ption is the assurance that, for a 1 0-year peroid, property taxes will not increase due to the installation of specified conservation 
and renewable energy property. 

Two important events occurred in the codes and standards area which affect solar applications: legislation adopting a model energy 
efficiency code for buildings and the legislative requirement for the implementation of mandatory solar water and pool heating standards. 
The Model code is important for solar applications in that significant credit points are awarded for the installation of solar water heaters as 
well as for overhangs and designs that promote natural ventilation. FSEC plans to use data from its new passive cooling experimental 
facility to assist the Department of Veteran and Community Affairs in updating and improving the code. 

The mandatory solar system standards were developed and are currently being implemented by FSEC. The 1980 legislature appropriated 
$4 million for energy research, development and education. Of this total, approximately $1 million is being spent in public education and 
awareness, The balance, or about $3 million, will be used to fund research and development activities. 

Reassessment of the Policy Plan 

The approach to development of the first Florida Solar Action Plan (FSAP I} was based on achieving a set goal, in numbers, of solar 
installations in place. Recommendations were formulated that would surge past socio-economic and political barriers which currently 
restrict solar commercialization in Florida. All the recommendations were premised on legislative action to achieve thegoal, While some 
recommendations necessarily had higher priority than others, none were divised as pawns to be sacrificed at the bargaining table. Of the 
eleven points proposd by the Governor's Energy Office, only one, the property tax exemption, survived the legislative process. Rather 
than representing an indictment of the legislative processes the experience indicated to us that a degree of analysis of the appropriate 
forum for problem resolution was essential. Bombarding the legislature with recommendations which could be better implemented by 
other entities in the public and private sectors was no longer advisable. 

A Second Policy Action Plan 

In August 1980, the Governor's Energy Office once again requested policy recommendations in preparation for the 1981 legislative 
session. FSAP II reviewed the recommendations and disposition of FSAP I, and restricted 1981 recommendations to three basic areas: 
energy research and development, education/training/licensing, and incentives. 

Once again, the approach to making recommendations was goatoriented; however, the recommendations were quite as comprehensive 
as those in FSAP I. Given the time constraints of the legislative session (60 days), concentration on the three areas mentioned above 
rather than an all-inclusive effort was determined to be the only feasible approach. Only those actions which were most appropiateiy 
within the province of the legislature were included. 

In January 1981 , the Governor's Energy Office submitted another request to FSEC. Governor Graham was of the opinion that solar was 
not progressing as quickly as he would like in the Sunshine State. Rather than limit the request this time to possible legislative initiative, 
the governor was interested in any and ail actions which would accelerate the pace of soiar commercialization. 
In response to this latest request, FSEC first identified the following problem areas with solar commercialization: high costs; tack of 
builder, developer and consumer acceptance; lack of maturity and stability of the solar industry; lack of familiarity with solar in building 
departments; and concerns and posture of utility companies. These problems were followed with a series of recommendations in the 
areas of utility actions, economic incentives, codes and standards, research and development and education and training. 

For a variety of reasons, possibly including the influence of President Reagan's fiscal and energy policies, there was much less energy 
activity in the 1981 legislative session. Two important bills passed both houses, however. One authorizes the Florida Public Service 
Commission to establish guidelines and set rates for public utility purchase of power from cogenerators and small power producers, The 
other bill authorizes the Department of Veteran and Community Affairs to modify, revise, update and maintain the Model Energy Code, 
The Center plans to be involved with implementing the second bill. 

Current Approaches 

Currently the Center is using four approaches in attempting to affect energy policy: the legislative process, voluntary actions by the 
private sector, administrative actions by the governmental sector, and the efforts of educational institutions. Some of the more important 
strategies being pursued include: favorable utility rates for solar users; favorable utility connection fees for solar homes; utility 
encouragement for solar applications in energy auditing, advertising and energy-saver home awards; attractive solar financing; 
corporate tax credits for builders who install solar systems; an improved model energy code for buildings; local enforcement of thesolar 
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standards; restrictions on the use of electric resistance water heating; establishment of a statewide solar contractor license classification; 
streamlining of the building permitting process so that only one permit is required for a solar installation; increased funding forenegy 
education and training, especially for soiar practitioners. 

Conclusions 

In a period of decline is fossil fuel supplies and rapid change in energy technology, it is imperative that an efficient two-way flow of 
information between educators and policy makers be established. There are a number of approaches to impacting energy policy that can 
and should be pursued. Voluntary actions from the private sector, administrative policies from the governmental sector, and the efforts of 
educational institutions are often superior to legislation in achieving energy objectives, 

Institutions of higher learning involved with energy research, development and education, possess unique multidisciplinary resources 
that should be utilized to their fullest extent in shaping energy policies that will both make the nation secure and improve the quality of life 
for its citizens. 

There are obstacles to overcome in order to implement such a program, some of which are reoccurring. First, a heavy financial 
commitment Is required for start-up, including salaries, promotion, materials, and travel. The cost can be as high as $30,000 which, within 
the early life of the program, is expected to be recovered through short course fees. Second, marketing a program of this magnitude 
requires an ongoing effort of updating mailing fists, promoting through the news media and technical associations, advanced scheduling 
of the programs, and personal contacts. Time and effort is required to integrate the teaching staff into the program so that overall 
objectives are reached with a minimum of redundancy or extraneous material. 

Undergraduate Energy Courses 

Two Nuclear Science and Engineering classes utilize appoint and counterpoint" style to bring different perspectives of energy use into 
focus. The classes are attended during the academic year by approximately 500 students from about 40 different departments, 
Non-engineering students make up about half the course enrollment Recognizing that college graduates from all disciplines will play 
important roles in shaping the energy future, both sociological and technological viewpoints are addressed. 

The "point and counterpoint" format is a scheduled but unrehearsed discussion first focusing on the growth versus no-growth issue. The 
predictions of the Malthusian Doctrine 2 initiate the discussion. This relationship of an arithmetic food supply and a geometric population 
growth are contrasted with the discovery of the fixation of nitrogen and the "green revolution". The need for energy resources to fix 
nitrogen and the compounding consequences of the exponential growth in appetite for energy resources are correlated to the underlying 
mathematical relationships of energy use as defined by Bartlett 3 . The effect of exponential growth in a limited environment portends the 
Gaussian shaped energy resource exploitation curves of M. King Hubbert 4 . 

The concurrent effects of the astonishing accuracy of Hubbert's forecasts, the timing of the reversal in the cost of energy at the margin in 
the United States, and the impact of the war in the Middle East in October 1973 are related to the current energy crisis. Oil, natural gas, 
coal, and solar-based resources to demonstrate the universality of risk and benefit associated with all sources of energy. 

Due to its controversial nature, nuclear energy is singled out for a demonstration of the evaluation of risk and benefit. The range of 
application of nuclear energy is presented. Uses include industrial, medical, and agricultural, as well as the production of electric power. 
Interrelationships between application, especially commercial and defense, are dawn. A sense of history and the significance of the 
Manhattan Project are presented. Political, managerial, and media failings are described using the topics of nuclear waste management 
and the response to the accident at Three Mile Island 5 . 

Students from different academic disciplines receive quite different benefits from the confrontational approach. Some begin reading 
more discriminatingly, Some explore what seems to them a"soiution M to the energy crisis only to find it somewhat flawed. Most recognize 
a need for a broad understanding of energy-related principles and the way they affect their lives. 
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COMPARATIVE APPROACHES TO ENERGY EDUCATION 
FOR THREE DIFFERENT AUDIENCES 
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Blacksburg, Virginia 24061 

Abstract 

This year, different energy programs implemented at Virginia Tech serve the general population in a home environment, students in an 
academic environment, and professional energy managers in industrial and commercial environments. The general population program 
consists of correspondence courses carried by local newspapers. The program for energy managers is a four-week diploma program 
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a ■ *h try ae«ict in thA establishment of permanent corporate energy management programs. The energy course for students 
fhoufft ^[heconeges at Virginia Tech is designed to increase their knowledge of the technical, environmental, and political aspects of 
energy, 

Th?nSnal and personal importance of energy has motivated the mechanical engineering faculty at Virginia Tech to promote 

«Lin«^^ activities for individuals outside their department. Two objectives are sought. First, comparative 

SS^^ technologies and resources like solar and nuclear or comparing pespectives like 

SoSglcal and socSical. Second, an awareness of the natural and economic forces which underline the energy d.scuss.on and of 

the different energy-related units is provided. 

Much of the information available on energy is specific and disjointed. Articles on specific energy sources claim an answer to the total 
eliera o oblem Ignoring economics or priorities, energy conscious homeowners embark upon a program to add an alternate energy 
An an^neer suddenly responsible for reducing corporate energy consumption, deals with brochures offering conferences and 
hort courses on i specific subjects that may or may not be among his top energy conservation priorities. Students are interested in an 
alte?n^ specialize without a full understanding of the whole energy picture. Energy-related material ava.lableto al 

laments o 'society is often overloaded with information, confused by units, overwhelmed with statistics, lacking in an awareness of 
undTrlv ino forces and devoid of pertinent history/Three specific audiences are addressed through three programs which provide an 
information base on energy for better decision-making. With no such base, decisions can involve more emotion than fact. These 
decisions are further carried into the political arena which effects legislation. 

One of the three Droqrams consists of a series of newspaper courses available for credit upon demand. The second program is a series of 
short courses for professional energy managers which prepares them for implementing corporate energy evaluation and conservation 
activities. The third program includes introductory energy utilization courses which are presented university-wide to undergraduate 
students at ail levels. 

The'pro^ toward the general audience is designed as correspondence courses to be carried by newspapers throughout the 

state In order to have good access to the newspapers and local populations, the program was implemented through the Extension 
Division of Virginia Tech, which has a unit office in each county and city within the state. 

Five separate courses are planned to make up the complete correspondence course program. These are: Energy: An Overview, 
Conservation, NuclearEnergy, solar Energy, and Wood energy. Figure 1 lists individual lessons under each course. To date, the first three 
have been prepared and the first two have been submitted to the newspapers. 

The courses were prepared by a professional journalist hired specifically for the project The journalist put the information in the 
language and style appropriate for the general public and assisted in dealing with the newspapers. Technical input was provided by 
experts within the department who also reviewed final copy for technical accuracy. The extenion agents administered the courses in their 

locale by approaching the newspapers, corrdinating materials, and conducting testing and credit certification activities. 

A preliminary survey showed that about half of the newspapers in the state serving about half the state areas were carrying the first 
courses. Other uses of the courses included high school presentations, energy fairs, extension radio programs, regular extension 
columns, extension newsletters an circulars, 4-H groups, and a supplementary course for high school students. Further details are 
available in reference 1, 

Energy Management Diploma Program 

The energy management diploma program was started at Virginia Tech in orderto meet a need expressed by engineers, who, more and 
more, are being given the assignment of reducing energy consumption within their organization. Many need to develop new skills, while 
others simply need to sharpen up those they already have. 

A program was needed to help provide professionals with a better understanding of organizational requirements and economic 
assessment, as well as the technical aspects of processes that require energy. 

While preparing the program at VirginiaTech, contact was made with the Energy Technology Center at the University of Wisconsin which 
was also planning such a program. After comparing the programs, a cooperative agreement between the two universities was developed 
which has led to a recognized standard of training forenergy managers, It consists of four one-week courses and a comprehensive exam. 
The cooperative effort prevents duplication of effort and standardizes the educatioanl need of energy managers. Credibility at the 
national level is more easily established. The combined program provides greater flexibility in scheduling the courses and increased 
quality and quantity of instructional staff. Anyone desiring individual courses is welcome, but there are qualifications to be met before 
they can be enrolled in the diploma program. The diploma is awarded after completing all four courses and passing a six hour 
comprehensive exam. 
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COMMUNITY ENERGY POLICY PROJECT* 

Thomas B. Cobb 

Energy Studies Program 

Bowling Green State University 

Bowling Green, Ohio 43403 

Abstract ■ 

A citizen-based "grass-roots ,, program for the development and analysis of community energy policies has been developed and applied 
with success in Ohio. The program emphasizes citizen input and employs the nominal group process to build consensus. Small group 
discussions are used to generate solutions to local problems which arise from increasing energy costs and resource scarcities. A 
computer model is used to educate participants about the consequences of continuing historic energy use patterns and to analyze the 
potential impacts of policy choices on community lifestyle, Policy analysis is performed by a cross-impact procedure and results are 
graphically displayed for instantaneous feed-back to participants. 

The program has intrinsic educational value and is practical both fortheofferers as well as the participants. It can lead to the development 
of policies and actions which are both supported and promoted by local citizens; alternately, it can be used to elicit citizen acceptance of 
and participation in an already-enacted community energy plan. The program has been used with success in six counties of northwest 
Ohio where it has led to the development of community energy action plans, citizen energy task forces, and improved energy awareness. 
The general procedures, techniques for implementation and results of the Ohio program are described, 

Background and Need , _, , ■ _, * ^ u . a 

In the book Energy future,' Stobaugh and Yergin allude to the frustration and virtual impossibility of developing understandable and 
acceptable national energy policies in the face of conflicting and often contradictory information from scientific and expert sources. 
Indeed, these authors go so far as to suggest that citizens should not expect rational policies in such an atmosphere, and they identify the 
energy crisis more as a crisis of our political system than one of resources. In the United States, as in many other countries, we are 
painfully aware of such political controversies in matters involving energy -e.g. nuclear vs. non-nuclear electric generation; environmen- 
tal protection vs. regional development; price controls and regulation vs, free enterprise; ownership and control of energy resources vs. 
social equity; etc. 

I n an atmosphere of conflicting and contradictory information, the opportunity is great for proprietary interests to prevail and for policy 
choices to be made on other than rational grounds. The incentive to maintain the status quo is enchanced, and therlikelihood of effecting 
rational citizen response to impending change is diminished. Such difficulties arediscussed by Botkin, era), in the Clubof Rome Report 3 
where "maintenance" learning is distinguished from "innovative" learning, In their definition, societies traditionally are conditioned to 
"maintenance" learning, /.a. to a process whereby individuals learn established rules and procedures for dealing with known and 
recurring situations in order to maintain the status quo. Society adapts to the new situation only as much as necessary, crisis situations 
prevail, and the individual suddenly is controlled by external events. Accordingly, we have learned to develop and accept a sort of "crisis 
mentality" and have established political and social structures to deal with events on this basis. 

I n contrast to adaptive behavior, Botkin, ef a/ suggest that a new type of learning, anticipatory learning, is necessary to minimize irrational 
reactions to unexpected catastrophic events. A key element in developing anticipatory learning is participation by citizens in decisions 
which affect their future. For example, the establishment of values and priorities in the use of energy resources is an area of 
decision-making which should involve the affected citizens. More often than not, such decisions are local in nature, and involve value 
judgements which may not be transferred easily from one community to the next. Participation by local citizens in such decision-making 
is crucial to the creation of meaningful and acceptable public policies. 

To involve citizens substantively in energy policy-making activities, information about the issues must be provided from credible sources. 
Participating citizens should have an opportunity to discover solutions for themselves and to build consensus. An opportunity toexplore 
the consequences of their own decision-making also should be included. The Community Energy Policy Project described below 
contains all of these features. Through the use of group process techniques an computer simulation, it provides a means both for 
developing consensus and for evaluating the consequences of selected policy options, 

The Ohio Community Energy Policy Project 

The Ohio Community Energy Policy Project was conceived in 1978 and initiated in the Spring of 1979 with the assistanceof a grant from 
the Community-ServiceContinuing Education Division of theU.S. Office of Education, Project interdisciplinary staff included five faculty 
from Bowling Green State University, advisory panels from local communities and graduate assistants who managed the computer 
programming and group dynamics exercises. From May, 1979 through March, 1 981 , one regional, six community, and several follow-up 
workshops and seminars were held on the campus of BGSU and at other sites throughot northwest Ohio. Over350 citizens were involved 
in the local workshops which are the focus of this paper, 

The Kane Policy impact Analysis Simulation Procedure (KSIM) 3 was used in the workshops to focus discussion and as a means for 
analyzing current lifestyle, trends, and probable effects of the decision-making process, Using KSIM the consequences of selecting 
various policy options can be displayed instantaneously and graphically. A time scale of 20 years was used to assess the impacts of the 
proposed policies. 

The Procedure 

A. Limiting the Problem 

To limit the scope and geographical boundaries of the problem, the county was selected as an appropriate geographical and political 
subdivision. This decision was prompted partly by the manner in which data was available. Different orientations within the same county 
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proved to be a minor problem. For example, residents in the eastern half of one county primarily were factory workers who commuted to 
the nearby city of Toledo for employment; residents of the western half were principally farmers. Such inconsistencies surfaced in several 
instances, but none threatened the program's success. 

B. Community Lifestyle 

To define current lifestyle for the community, and to provide a consistent basis for analyzing historical trends and measuring the results of 
policy implementation, a set of variables was developed to reflect the socio-econonomic and cultural atmosphere of the locale. Citizens 
from 12 countries in northwest Ohio assisted project staff in developing a suitable list of eight items. These are noted in Table 1 and were 
selected from about 60 socially relevant lifestyle elements which were suggested. 

Obviously this list does not exhaust the possibilities, nor does it necessarily represent the optimum set of variables for describing a 
particular community. Rather it is a reasonable set of sociological factors which may be used as a basis for establishing current status and 
for measuring change, Some of the factors are easily quantifiable; others are not The KSIM procedure permits the user to include both 
objective and subjective variables within the same model. 

C. Defining the Variables 

Once the lifestyle factors or variables are identified, precise definitions must be created, and associated data collected, in order to define 
the range and initial value. Some factors such as population permit reliance on quantitative data for their definition. Other factors such as 
social harmony must be based on subjective judgement 

To prepare the lifestyle factors for computer input, a dimensionless relative scale of (0-1) is used. The procedure for doing this is 
well-described in Kane's original paper and elsewhere, 3 - 6 Reasonable high and low limits for each variable are identified from historic 
trends, and the current value represents the state of the variable as a fraction of the (0-1 ) range. An initial value of .75 therefore would 
represent a starting point of 75% of the defined range. Note that zero on such a scale does not represent zero in an absolute sense but 
rather just the minimum value for the defined range. 

Some of the sources used for defining lifestyle variables are listed in Table 2. Source reliability varies greatly, so these must be used with 
discretion, Often one community must be compared to others that are similar. For example, the crime rate in urban countries should be 
compared to other urban areas of similar population, not to rural or suburban counties with vastly different lifestyles. 

0. Constructing the Basic Model 

Once the variables have been selected, defined, and appropriately quantified, the interactions must be described to develop a model of 
system changes over time, The KSIM model used in this study is a simple deterministic simulation procedure which uses a set of first 
order non-linear differential equations to describe the system evolution. KSIM is not the only model which can be employed. In fact the 
program can be duplicated without any model. However; models are a convenient and useful tool for focusing discussion, limiting the 
problem, educating participants, and illustrating impacts in graphic form dramatically and rapidly. 7 

The KSIM model takes into account the binary interactions between system variables through the use of a fixed "cross-impact matrix". 
This matrix, which becomes a focal point for group discussion, is simply a table of numbers whose values represent the directions and 
strengths of interaction between system variables. Working In small groups, participants in the Ohio program initially assigned values for 
the elements of this matrix. In this way, the model incorporates the perceptions of local citizens as to the status and interretatednessof the 
lifestyle factors. 

Elements of the impact matrix were limited to values of 1 ,2, or3 to represent weak, moderate, or strong interactions, respectively, between 
system variables. Positive or negative entries represent enhancing or inhibiting influences, and zeroes denote no interaction at all. 
Fractional entries represent averages form the reporting groups. The matrix elements and initial values of the system variables are used as 
input for the KSIM computer program. The compter numerically solves the equations and provides graphical output This set of graphs is 
referred to as the base case model because it represents a no-action, status-quo modef and a baseline against which the result of action 
programs can be measured. 

E, Interpreting and Using the Model: Incorporating Policies 

To analyze the effects of implementing a chosen policy or action program, the model Is expanded by adding columns to the impact matrix 
to allow for inclusion of policy options. Again, entries in these new columns are developed through small group discussion during the 
workshop. Policy discussions focused on four central themes: 

1 ) Alternate energy sources 

2) Energy education 

3) Conservation 

4) Transportation alternatives 

Participants were required to develop a rationale for each policy recommendation and to suggest actions for local implementation. Small 
group discussion leaders assisted in evaluating the relation of individual policies to the set of lifestyle factors. 

The Ohio Experience 

Six counties in northwest Ohio were selected for community workshops. Workshop sites were selected on the basis of local interest. They 
were held in urban, suburban, and rural locales, representative of the region. Thirty to forty citizens attended each workshop. Participants 
were recruited to represent all facets of community life, Prior to each workshop, project staff members met with a local planning 
committee to request assistance and to determine unique features and issues of local concern. One week before the workshop, resource 
packets were sent to participants containing definitions of lifestyle factors, local statistics and a base-case model pertinent to their 
county. 

At the workshop, participants were divided into small groups of 6-8 persons and were assigned at least one of the four general policy 
areas. Each group discussed, and through consensus, developed specific programs for their community. Each small group was 
moderated by a leader from the BGSU School of Speech Communication trained by the project staff. Policies developed in small groups 
were reported to the main assembly in order to share information and to obtain feedback and critique from the total audience. 
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The KSIM cross-impact matrix was used to assess the impact of each proposed policy on the lifestyle variables. These data were fed into 
the computer for immediate feedback. The computer produced on-the-spot graphical outputs which were compared with the base-case 
model graphs. Participants could then judge for themselves the potential effects of implementing the policies. After viewing the graphs, 
participants were given an opportunity to modify their policy choices. In this way, the computer simulation enabled participants to 
prioritize and develop more acceptable policies. 

Results of the Ohio Program 

An abbreviated list of policy and action programs suggested by participants at these workshops is given in Table 3, Many recommenda-. 
tions were made by more than one group. Overall, workshop participants felt there was a need for increased public awareness about 
energy and more credible information on current energy issues. Many voiced distrust in government or energy-supply industry plans to 
solve their problems. Most policies reflected the need to use formal and informal educational institutions and tools to increase awareness, 
and to provide practical information as a basis for informed decision and action. 

While many felt that only economic incentives or sanctions would motivate increased conservation, the need for lifestyle adjustments and 

value changes also was stressed, Participants felt that conservation efforts and alternative energy development should be viewed in a 

more positive manner. In this way, conservation would arise from voluntary compliance rather than through a mandated restriction of 

choice. 

Sample recommendations are listed in Table 3. The general results may be summarized as follows: 

1 . Alternate energy sources: For most communities the use of such sources is considered too long term to be of benefit for thesolution of 
problems of immediate concern. Currently available alternate fuels are generally not considered cost-effective. The most common 
suggestions for stimulation of alternate fuel development were tax incentives and low interest development loans. 

2. Energy Education: All workshop participants felt that education, both formal and Informal for all ages, would increase public 
awareness of energy supply, use, and available alternatives, and also would create a more positive public attitude towards action. The 
most prevalent suggestion for formal education was to introduce energy curricula in grades K-12 - also in adult education and in 
technical schoois and universities. Media and speaker bureaus were suggested to heip to put practical energy information in the 
hands of the people. 

3. Conservation: Participants viewed conservation and improved energy efficiency as necessary for managing current energy use. 
Building code modifications, community conservation goals, and public recognition for conservation efforts were recommended to 
promote energy efficiency. 

4. Transportation: Participants favored public transportation systems, van and carpools for employees. They recommended efforts to 
change public attitudes so that biking and walking would be enhanced and unnecessary auto use discouraged. 

Summary and Conclusions 

We feel these workshops and the associated processes are unique and beneficial for adult education and citizen involvement programs. 
Not only does the process develop a meaningful list of policy recommendations for community action, but it also produces a highly 
informed group of local citizens who are more receptive to peer judgement more aware of energy problems as they relate to personal 
lifestyle, and who are more likely to participate in future community activities. Since the policies selected are produced from small groups 
representing typicai population segments of the community, the recommendations are representative of local needs and should be 
acceptable at that level. 

Implementation ofthe proposed policies rests with the citizens in the communities and with the respective bodies of authority. Following 
each workshop in Ohio, copies of the policy recommendations along with an analysts of the likely impact were sent to local and regional 
government officials. Some local suggestions have resulted in long range actions. Continued contact with the local groups has been 
fragmentary but positive, BGSU continues to assist these communities as a part of our institutional mission of service to citizens in this 
region. 

For those who would be interested in developing a similar program,, the Energy Studies Program at BGSU has developed a Training 
Manual to assist in the planning and execution of such a workshop. This manual may be ordered from: Energy Studies Program, 313 
Hayes Hail, Bowling Green State University, Bowling Green, Ohio 43403. Telephone: 419/372-2624. 

* Supported in part by U.S. Department of Education through Grant #G007804980. 
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TABLE 1 



Lifestyle Factors Used in the Ohio Project 



Population 
Employment 
Education 
Community Services 



Social Harmony 
Environmental Quality 
Family Energy Expenditures 
Transportation 



TABLE 2 
Data Sources Useful for Assessing Lifestyle Factors 



Factor 



Source 



Population 



Employment 



Education 



Community Services 



Social Harmony 



Environmental Quality 



Energy Expenditures 



U.S. Census Report 
City-Country Data Book 
Survey of Buying Power 
Planning Commission Documents 

Bureau of Employment Services 
Chamber of Commerce 
Planning Commission Reports 

State Dept of Education 

National Education Association 

Discussions with local residents and school officials 

National Center for Education Statistics 

Local Service Agencies 
Planning Commission 
Community Action Commissions 
County Health Department 
Parks and Recreation 
Welfare and Employment Agencies 

Chamber of Commerce 

Local Government 

Local Enforcement Agencies 

Comminity Action Commissions 

Crime Statistics 

Local Newspapers 

Labor organizations 

Regional Planning Commission 
Regional EPA Office 
Audubon & Sierra Clubs 
Parks & Recreation Commission 
County Extension Agent 
League of Women Voters 

Statistical Abstract of U.S. 
State Department of Energy 
Department of Commerce 
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Transportation 



State Dept. of Transportation 
Bureau of Motor Vehicles 
State Department of Energy 
Chamber of Commerce 
Planning Commission Reports 



TABLE 3 
Sample Policy Recomendation-of Ohio Programs 



Policy Category 
Alternate Energy Sources 

Energy Education 



Recommendations 



Energy Conservation 



Alternate Modes of 



Property and municipal income tax incentives for solar, wind, biomass, recycling 
Low interest loans for alternate energy source private sector investors 
Local citizens groups to provide energy audits, workshops, feasibility studies 
Favorable zoning and building codes 

Energy education K-12 

Expansion of technical energy courses in all post-secondary and correspondence institutions 

Local energy awareness seminars and workshops for all 

Business supported scholrships for energy resource development 

Energy information articles in local media 

Speakers bureau and energy information center 

Energy events calendar featuring energy fairs, tours, forums 

Conservation clearinghouse to disseminate pamphlets, etc. 

Annual awards for energy saving in residential, commerical and industrial areas 

Display of architechtural designs that conserve energy in public buildings and newspapers 

Development of a model energy conservation community 

Waste heat conversions for commercial or residential heating 

Community supported public transport system 

Transportation 

Car and van pooling incentives 

Sidewalk maintenance 

Publicity to encourage walking and biking 

Construction of satetite commuter parking lots, bikeways and bicycle parking 

Mini-or shuttle-buses for central area transport 

Staged elimination of private vehicles in congested areas 
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SESSION 27: SCIENCE AND TECHNOLOGY 

27.1 

Ocean Thermal Energy Conversion as a Vehicle 

for the Teaching of Thermodynamics 

Peter K. Glanz 

Rhode Island College 

**« 

Abstract 

OTEC plants are huge heat engines, and as such can be effectively used to illustrate many principles of thermodynamics such as kinetic 
theory, change of state, thermal conductivity, the first law of thermodynamcis, and heat engine efficiency. A brief description of OTEC 
power plant operation and numerical examples are given. 

Text 

Ocean Thermal Energy Conversion (OTEC) is a solar technology and thus it is a renewable energy source. The oceans are enormous 
storage tanks for solar energy and the collected energy is essentially available twenty-four hours a day. This places OTEC in a unique 
position among renewable power systems: it can be used for base-load power. 

OTEC is a huge heat engine that utilizes warm surface water as a heat source and cold water in the depths as a heat sink. Proposed power 
plants require at least a 15°C temperature gradient and extend 500 -1000 meters below the water surface. '- 1 There are two basic OTEC 
designs: closed-cycle and open-cycle, 

The open-cycle OTEC pumps warm surface water through a short pipe and flash-evaporates it in a partial vacuum. The resulting steam 
turns a turbine-generator to produce electricity. The steam is then cooled in a condenser by cold water pumped in from the depths. The 
working fluid is seawater. 4 

The closed-cycle OTEC uses ammonia, propane, freon. etc., as the working fluid. 56 Becausethese fluids boil at a lower temperature than 
water, heat from the warm surface water is transferred to the working fluid in a heat exchanger (evaporator). The vapor turns a 
turbine-generator and produces electricity. The vapor is cooled and condensed by cold ocean water in another heat exchanger 
(condenser). The working fluid is then reused in a closed cycle. 7 

There are many technological problems to be addressed such as biofouling, materials research, etc, 8 but it appears that OTEC has a 
bright future in world energy production, at least as far as cost analysis is concerned. 9 

the point of this paper is that OTEC is an interesting illustration of several thermodynamic principles suitable for use in a high school or 
college classroom. In addition to becoming familiar with a power technology destined for wide future use, students can see in action 
concepts they have seen theorized in lecture. Further research on the students' part is possible, because there are several working models 
available off the coast of Hawaii 10 and Japan. Some basic principles that can be effectively exemplified through the use of OTEC are: 
kinetic theory, change of state, thermal conductivity, the first law of thermodynamics, and heat engine efficiency. 

On a basic level, kinetic theory, change of state, and thermal conductivity can be illustrated very nicely by following the closed-cycle 
working fluid (say ammonia) through a complete cycle. As the ammonia iiguid comes into contact with higher temperature materials in 
the evaporator, the average kinetic energy of the ammonia molecules increases (temperaturel). When enough heat energy has ben 
absorbed, the liquid boils or changes state to a gas. The extremely low thermal conductivity of liquids provides the basic problem of 
evaporators. {Large heat flux rates across heat exchange surfaces ar needed, but the flux from the boiling side of the heat exchange 
surface to the liquid-vapor interface is driven by a small temperature drop. This necessitates a very thin slab of still ammonia, much 
thinner than that available in practice. Convection and nucleate boiling could be discussed here as methods of minimizing the role of 
liquid thermal conductivity.) Some of the heat energy of the vapor is then changed to kinetic energy of the rotating turbine and then to 
electrical energy in the generator. In the condenser the amonia vapor comes into contact with lower temperature materials and changes 
state back to a liquid which is than pumped back to the evaporator to close the cycle. There are numerous opportunities here to 
emphasize principles previously discussed in class. 

The first law of thermodynamics can be illustrated semiquantitative^ using the open-cycle OTEC design. If it is assumed that the warm 
surface water is cooled 5°C during evaporation, the heat energy available for work per cubic meter of water would be 

Q = 1.0 x10 3 kg/m 3 xlm 3 x4180J/kgK x 5K =2.1 x 10 7 J = 5000 Kcat 

If the surface water averages 25° C, the heat energy available per cubic meter is Q = 1 .0 x 10 3 kg x 41 80J/kgK x 293.3K = 1 .23 x 10 9 J. Thus, 
of 1.25 x 10 9 J of heat energy entering, 1.23 x 10 9 J is ejected and 2.1 x 10 7 J is available for useful work. 

Finally, the efficiency of a heat engine is effectively illustrated by analyzing the various components of an open-cycle OTEC design. 
Assuming a 100 MW plant with a 93% efficient turbine with a water rate of 1.52 x 10 s ib/min, the system losses are 11 

evaporator 27.61 MW 

cooling water circulation pump 12.55 MW 

deaerator 0.61 MW 

fresh water pump 0.12 MW 

total 40.89 MW 
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Therefore this plant will produce 59.1 1 MW net electrical output The maximum thermodynamic (carnot) efficiency for a heat engine is eff 
= [Tu - T,' )/T t The temperature difference in efficient systems is hundreds of degrees, but in a typical OTEC example the warm water 
at 30°C is condensed at 15°C, The maximum efficiency for the steam cycle then is eff - {298K - 288K)/298K = 3.3%. When practical 
losses are counted, the efficiency will be less than 2%; this means that an ocean thermal piant must transfer ten times as much heat energy 
as a typical fossil fuel generating plant 
The above are just a few samples of what you can do with OTEC examples in the classroom. Let your imagination run free! 
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27.2 

INTEGRATED ENERGY EDUCATION IN GENERAL CHEMISTRY 

Maj Michael W. Mahan and LTC George F. Palladino 

Department of Chemistry 

United States Military Academy 

Winslow H. Hartford has written: 

"Perhaps the time has come to refine the role of Chemistry, and of Science in general, in a society whose effective operation depends on 
appreciation of the true function of Science. In such a society, Science becomes a partner rather than a tool, of the political and business 
communities in meeting the challenges of energy and raw material shortages and of a deteriorating environment. ' 

We should present to our students science that not only provides the requisite theoretical background for further work, but which also is 
relevant, interesting and practical. What better way to capture a student's attention than by applying simple chemical tools to a pressing 
societal problem. 

Ask your students to consider the marketability of a new fuel system that could: 
1. Make more efficient use of the existing sources of energy. 

2 Eventually lessen our dependecy upon foreign fossil fuel imports. 

3 Make more feasible the application of "soft technologies" to produce energy (solar, wind, tidal, geotnermai, etc. . 

4 Create a potential for developing countries that do not have significant fossil fuel reserves to become energy self-sun c,e ™ o 

5. Make feasible the decentralization of production and economic control of energy, creating a dynamic universal market tor clean energy 

6. Reduce e enviromental pollution from energy production to the pre-industrial levels of the 18th century by substituting a clean fuel 
source for the high pollutant hydrocarbon sources (petroleum and coal). 3 

Such a proposal will arouse student interest in this innovative energy source. The ensuing lecture will utilize basic chemical principles to 

evaluate HYDROGEN as the proposed energy source, the evaluation serves to integrate and utilize these fundamental principles to 

present a solution to a contemporary and familiar problem. 

For the past several years, the Department of Chemistry at the United States Military Academy, has been presenting a lecture entitled"A 

Look at Hydrogen" as part of the Basic Chemistry course. The purposes of the lecture are threefold: 

1. To demonstrate the relevancy of chemistry, 
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2. To introduce some needed descriptive chemistry to our general chemistry course. 

3. To review and synthesize several chemical principles taught in the general chemistry course. 

The lecture changes upon each presentation based on the interests of the lecturer and publication of new information on hydrogen 
energy At the time of the lecture the students have had about thirty attendances of general chemistry and have discussed most of the 
principles presented in the lecture. The demonstrations that are used throughout the lecture are effective, pedagogically sound and, in 
some cases, spectacular. These demonstrations are described at the appendix to this paper 

An outline of the lecture is given here: 

I. Introduction. Any dramatic "attention-getter" can be used. (Igniting hydrogen filled balloons is effective in any format.) 

II. Background, 

A. Occurrence 

1, Solar system 

2. Earth 

B. Isotopes 

C. Molecular Hydrogen's Physical Properties 

1. Density (Several Interesting demonstrations are possiblefordensity.They can be spread throughout thelecture as much as format 
permits. See appendix for Demonstrations 1 through 4,) 

2. Melting/Boiling Point 
— 3, Phase Diagram 

4. Ignition Temperature . . * * v 

5, Combustibility (See appendix for Demonstrations 5 and 6- Demonstration 6 also illustrates ignition temperatuare.) 

D. Common Uses/Reactions 

1. Redox (See appendix for Demonstration 7.) 

2. Haber-Bosch Process 

3. Production of Methanol 

4. Arc welding 

5. Petroleum refining 

6. Petrochemical manufacture as feedstock 
III. Fuel Evaluation, 

A. Preparation 

* a .^Generator (See appendix for Demonstration 3 on the construction of device which produces Ha gas from a metal-acid 

reaction on demand,) t 

b. Active metal in H2O (Hydrogen bubble formed in the Three Mile Island incident.) 
a Electrolysis (See appendix for Demonstration 9.) 
2. Industrial Scale 

a. "Spongy" Iron catalysis 

b. Steam reforming f 

c. Water-gas shift reaction { 

d. Electrolysis % 

e. Thermochemical decomposition of water j 

(Water is emphasized as the feedstock for a. through e. above.) 

B. Transportation of Hydrogen 

1. Pipeline gas 

2. Liquid hydrogen 

a. Advantages 

b, Disadvantages 

3. Metal hydride (See appendix for Demonstration 10 showing diffusivity into porous material,) 

C. Suitability as Fuel ;j 

1. H reaction for 2 H2 + O2 2 H2O j 
(compare to H reaction for CH4 + 2 O2 CO2 + 2 H2O j 

2. Catalyzed reaction (See appendix for Demonstration 11.) 

3. Fuel cell (A hydrogen powered fuel cell is available commercially for demonstration and is used as Demonstration it.) 

4. Fusion 

5. Upgrading oil shale 

6. Synthetic gas 

7. In transportation industry vs, electric car 

D. Use of hydrogen vs, conventional fuel systems 

1. Advantages 

a. Supply 

b. Environmental Impact I, 

2. Disadvantages j 

a. Safety (compare to methane) ( 

b. Public opinion (The Hindenburg incident gave hydrogen a bad reputation with the general public - film dtps of this event are | 

commercially available.) 

c. Cost of production |; 

The topic selection and format of presentation are flexible. The lecture effectively shows the students how much they have learned in j 

chemistry and how to utilize these fundamentals, The student reaction to the presentation has been extremely favorable. Students ,i 
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frequently remark on its value in the end of course critique and occasionally ask to attend the next semester's presentation. Years later 
students still remark about the fact that they recall the"Hydrogen Lecture." Perhaps it is most important thatthe students understand that 
they can easily use their chemistry fundamentals to investigate a complex subject of contemporary interest - energy. 

Appendix — Description of Demonstrations 

Demonstration 1: Two balloons, one filled with hydrogen and the second with air are fastened together with string and released to 
demonstrate variation of density. 

Demonstration 2: A subject talks normally and then inhales helium (helium replaces hydrogen for safety) at atmospheric pressure and 

taiks again. The low density of helium (although twice that of hydrogen) causes a voice change. This can be done by filling a large, clear 

plastic bag with 20% oxygen and 80% helium. A subject can place the bag over his head, breathe the mixture and then remove the bag and 

talk. 

Demonstration 3: A balance has one pan replaced by an inverted bell jar and the second pan holds a beaker of sand that exactly levels the 

scale. When hydrogen is "poured up" into the bell jar, the scale tips showing that the hydrogen density is less than the air it displaces, 

Demonstration 4: Two metal cones are fused at the bases. The apex of the bottom cone is cutoff andsmall holes are drilled near the top of 
the upper cone. The device is filled with hydrogen and is ignited at the upper holes. As hydrogen isconsumed at the flame, air is drawn in 
the bottom opening. The device is affectionately caiied a "mosquito cup" due to the mosquito-like buzzing sound made by the gas flow 
around the holes. The mixture reaches stoichiometric proportions of hydrogen and oxygen, with increasingly loud buzzing, and ignition 
occurs. The device must be held away from the subject and with the bottom opening aimed down. 

Demonstration 5; Balloons of air and hydrogen respectively are burst with a flaming taper to shown combustion. 

Demonstration 6: Into an inverted bell jar filled with hydrogen, insert a flaming taper. The gas interface ignites with a mild but noticeable 
"pop" and, as the taper penetrates further into the hydrogen, it goes out. Slow withdrawal of the taper relights it at the interface. This 
demonstrates ignition and the inability of hydrogen to support combustion. 

Demonstration 7: Copper metal is oxidized by heating in the open atmosphere producing a dulling copper (II) oxide coating, covering the 
copper with an inverted jar filled with hydrogen provides an environment conducive to the reduction of to Cu metal with an instant and 
dramatic change in luster. 

Demonstration 8: Hydrogen is generated by immersing zinc into hydrochloric acid causing hydrogen gas generation. The hydrogen gas 
fills an inverted inner cylinder and as the pressure increases the HC level is forced down below the level of thezinc stopping the reaction. 
The inner cylinder is tapped on demand to provide hydrogen, allowing the HC level to rise and restart production. 

Demonstration 9: A Hoffman electrolytic device is activated and the hydrogen and oxygen collected at their respective electrodes. Dye is 
added to the water, and the resulting desplacement clearly demonstrates Gay-Lussac's Law. (This demo can be started and returned to 
later as it requires several minutes for noticeable results.) With careful recombination, the mixture can be reignited to demonstrate its 
reversibility. 

Demonstration 10: A closed container is filled half with dye colored water and half with air. A small tube runs out of the liquid up into the 
outer atmosphere acting as a safety valve. A small tube exits the top of the device and is sealed by a porous ceramic cup. If a beaker of 
hydrogen is inverted over the porous cup, liquid is forced out the safety valve. The driving force is the overpressure caused from the 
hydrogen diffusing in faster than the air can diffuse out This can be related to Graham's Law of Effusion. 

Demonstration 11: Hydrogen and oxygen arestoichiometrically combined in a reinforced container and a greased cork is placed overthe 
container opening. A piece of platinized asbestos is heated and gingerly inserted alongside the cork into the bottle. The reaction occurs 
violently sending the cork bouncing off the ceiling. This must be done with extreme caution. 

Demonstration 12: A small hydrogen fuel cell powers a small electric light and an electric motor to driver a propeller. 
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27.3 

TEACHING ENERGY 

DR Croft 

M J Denman 

Department of mechanical and Production Engineering 

Sheffield City Polytechnic, Sheffield, United Kingdom 

This paper outlines the teaching of energy concepts to students in both technology and business studies programmes. An introduction to 
energy conversion is taught via a novel graphic device the "Energy Conversion Triangle." A computerized energy model for the uk .is 
discussed, which allows students to see the implications of adopting various energy policies. Student exercises using the moaei suggesi 
that there is no definitive solution to our energy problems, and that a balanced view must be taken by the energy planners of the tuture, 
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Introduction 

The realisation of the finite life of fossil fuels has led to a greater emphasis on Energy Education. The ordinary citizen is no lonqerwillina 

People are concerned with the environmental effects of energy conversion, the cost of energy and how it will effert^enieitvle^ms 

S'S'iSS'sr- Teachin9 - methods are i hus required which can expiain in simpie terms «Scon,p.« ss^^s^siiin 

p,11 ?K ener9y mix necessary to supply our future needs. This paper describes teaching energy to undergra^^s™ 
technology and bus.ness studies programmes within the department of Mechanical and Production Engineering at Sheffiefd Ci v 

su?ce e sl n . , .v 52s Altho r h h thes ! students ?r- a gre , ater technicai knowied9e than the ^ P^^SSS^SSZSSL 

energy conve" sbn triang^ C ° UrSeS ' mtr0dUCtl0n t0 ener 9 y conversion is through the use of a novel graphic device, the 

The Energy Conversion Triangle 

dUrlSrSu" dements 3 ^ ° f C ° nVerSi ° n P rocesses avai '^le and also illustrates the dilemma between high cycle efficiency and power 

Thring' in 1962 used an energy conversion diagram to illustrate a new route for electrical production, magneto-hydrodvnamics His 
diagram was 'incomplete and only showed one route for stored energy to mechanical energy The author™!? expanded Ws d aoram 

£^l^^JZ?£^ rtm «* Commercially produced conversion diagLs are available ^ ^^TsSTo 

Jnr B J netgy - Conversion , Triana J e is best tau 9 nt u sing an interactive teaching method. Part of the diagram isdrawn and labelled with the 
three p.ncipal energy forms. The students are then asked to name types of stored energy and devices to dlrecUy convert one farm ol 
energy to another. Typical replies from the students detail the following stored energies and devices for direct ^^ZO^S^, 

Stored Energy; Chemical (fossil fuels) Solar 

Nuclear Wave 

Potential (high level reserviors, pressure) Wind 

Kinetic (rotating flywheel) 
Route 1-2 water turbine Route 2-1 pump 

Salter duck wave generator 

windmilf, aerogenerator propeller 
Route 2-3 dynamo Route 3-2 electric motor 

alternator linear motor 
Route 1-3 fuel ceil Route 3-1 electrolysis 

battery electro-deposition 
If students mention routes involving heat these are discounted as they are not direct routes, 
The next stage is to complete the diagram with devices with employ the 'heat routes. 
Again, typical replies from students detail the following devices for heat routes along the digram; 
Route 1-4 solar panel Route -4-1 dissociation 

combustion 

nuclear fission/fusion 

Route 4-2 steam/gas turbine Route 2-4 friction 

piston engine 

Route 4-3 magneto-hydrodynamics Route 3-4 electricial resistance heating 

thermoelectricity induction heating 

thermionics 

Conversion Efficiencies 

™TZte!!!ll«^i^?r ques ' ion - What are the efficiencies of conversion from one form to another? Discussion will reveal that 
S™ "^ tk! » L J efficiencies of 100% and achievable efficiencies greater than 90%, ie electric motors, pumps, waterturbines 
ZZ£S,!i£^X^ incorrectly is the one used by conventional thermal powe'r sta'tio" w£! Lave 

routes Tl-4-2 1-4-3 9 ° Can b * 9iVen t0 the students witn an explanation for the low efficiencies for 

Points to be made to Emphasise the Significance of the Heat Route 

tm^f!^!n^ C ^^ 0m £ le - te,y and continuouslv transformed into heat by friction and similarly electrical energy can be 
Snr?Th« lonT 10 ™ e,,lc,e " cy ' Hea * °" the other hand cannot be converted to mechanical or electrical energy with 100% 
efficiency. The second law of thermodynamics which led from the work of Carnot* in 1 824 states that some energy must inevitably be 
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rejected. The highest achievable efficiency for conversion of heat to mechanical or electrical energy via routes 1-4-2 and 1-4-3 is given by 

the Carnot efficiency. 

When fuel was relatively inefficient route could be chosen as the fuel cost would only be a fraction of the total cost. As fuel prices have 

risen the efficiencies of power stations have improved to offset the additional fuel cost element. Table 1 gives the average overall 

efficiencies of thermal power stations in the UK. 

At this stage lectures are given in the basic thermodynamic cycles, the Carnot and Rankine cycle etc. This leads to the modifications 

made to the Rankine cycle to improve efficiency. It is then shown that the generating efficiencies of modern thermal power stations are 

SeW improve appreciably in the near future while the cost of fossil fuels will increase rapidly and the availably will decrease 

The next question to be answered is " why do we continue to use such an inefficient route?" In answering this question the concept of 

. -j* — — :*-., Ann ^a ifit ri*iAt ir>ar\ 



power density can be introduced 
Power Density 



TheYower density is defined as the rate at which energy crosses a square metre of heat exchanger surface. When students are asked to 
estimate the power density of a fossil fuel boiler most if not all have no idea. With a little practice and help the students can arrive at a 
reasonable guestimate. The larger power stations in the UK are rated at 2.000 MW electrical output; hence the students can deduce a 
nominal fuel input of 6 000 MW or 1 ,500 MW for each of the boilers. A boiler would comprise the furnace, superheater, reheater and 
economiser The major difficulty for the students is to estimate the amount of steam tube inside the boiler combinat.on. Having been 
shown cross-sectional views fo the boiler many students will accept a value of the order of 100.000 m 2 . In practice power densities of 



50,000 watts/m 2 can be achieved with fossil fuels. 

Students can then make comparisons with other devices. In the UK the daytime average for solar radiation is approximately 200 watts/m*. 

Thus the students can see that solar power stations would have to immense areas to have the same power output as conventional ones 

and tha^he savings in fuel would not justify the initial capital cost at current fuel prices. This illustrates that plants with high power 

densities are therefore compact resulting in low capital and operational costs. 

Nuclear power stations have power densities similar to fossil fuel power stations; the fuel handling charge is greater but the overall 

running costs are less due to the low cost of the fuel. 

Other devices which can be discussed are windpower, which only has a power density of 400 watts/m 2 and wave power which can have 

power densities of several thousands of watts/m 2 over the first several metres of depth of water. Fuel cells now have generating 

efficiencies approaching 70% and can have power densities of 600 watts/m 2 . Unlike wind and wave generators they can operate at 

maximum power anytime and do not rely on natural forces which can vary considerably. 

T'nTt^ofete'r'gy conversion device used does not depend solely on the most economical method. Other issues must be considered: 
security of supplies, overseas trading balance, environmental effects, safety etc. Many students have preconceived ideas on these issues, 
the two .most popular being <i) the waste of valuable resources (fossil fuels) to obtain heat when solar energy is free and 'n^haustlbeand 
ii* that nuclear power is dangerous and should not be used. Both these arguments are valid to greater or lesser extent but the students 
must be aware of the consequences of restricting fossil fuels for premium use and the banning of nuclear power.Theanswertoquest.on 
(i) is largely one of economics and to (ii) is achieved by the use of energy modelling. 
A model of the UK energy usage and supply has been computerised and is so designed that the student can alter various input pa^meters 

aVd^hat consequent 

a twenty year period and was replaced by coal burning power stations and the student would then be aware of the log>shcal 
consequences of his planning. Could enough new mines be opened, how much coal would have to be transported, could enough power 
stati^brcomnlssioned in'time etc? The energy model will not give definitive answers to our future energy needs as it relies on _mjny 
assumptions to our present and future energy patterns, but it does illustrate the need for a mixed fuel policy. Its main virtue is that it allows 
the student to see the consequences of his ideas, inputted as forecasting patterns. 

m1he d mo°de , | el.er'gy demands are allocated to four sectors of the economy; the industrial sector, commercial and services sector 

transport sector and domestic sector. These sectors require energy supply for heating purposes energy supply ^for power and ene rgy 

supply for transport. The sectors and supplies of fuel are shown in figure 3, secondary choices of fuel being us ed to top jo when a first 

choice fuel reaches its maximum supply. Electrical energy for (he four sectors can be generated from ^ " u .£"^ ""^^ 

resources, while heat can besuppllied from gas, oil, coal, solar, electricity, combined heat and power <CHP) installations and in the future 

by synthetic oil and synthetic natural gas (SNG). 

The link between energy demands and available resources is made by employing a set of 'market shares 1 . The market shares are user 

variables and will depend on the forecast of the person using the model. 

The computer model evaluates the demand from the four sectors and allocates supplies from the five mair > foete (Q». oiL coal, nuclear 

renewable). The basic calculation of the model is repeated at time intervals, stretching to the year 2025^ The fo casting as such 

involves changes to market chares, conversion efficiencies etc and 25 user acessible variables wh.cr ' prescribe | ^'^J™^™^ 

Many variables t re allocated internally (in this case 74) in order for the programme to operate quickly. Only the advanced students are 

encourages to change all the variables. 

Any given fuel supply is limited by some factors or combinations of factors, so that the model is constrained to simulate the real si uat.on 

eg coal oil and gas supplies are limited by the lesser of (i) available reserves or (Ii) available plant (coal mines, oil and gas wells), plus 

maximum imports (which are prescribed by the user). 

The allocation of supplies to demand will depend on logistical constraints ie electricity will beallocated to thosedemand sectors that can 

use nothing else, while substitutes (synthetic oil and gas) will have to be used if the energy source is not sufficient to meet demand, a 

sequence of allocations of resources to demands is necessary and this may entail up to twenty allocations. 
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The output from the model will give at five year intervals from 1980 to 2025 the following output: 

(i) total demand for energy (Joules/year) in each of the following four sectors:- domestic, commercial and services, industry, transport. 

(ii) the supply of energy (Joules/year) from each of the following five sources:- oil, gas, coal, nuclear, renewables. 

(iii) imports of fuels (if any) for the fuels:- coal, oil, gas. 

{iv) a figure for gross domestic product (GDP). This is a weighted sum of the amount of energy use in each sector of demand. 

The model at Sheffield City Polytechnic is based on the UK economy but by suitable alterations to the limiting factors and input data 
model can be constructed to suit other developed countries or third world countries. To facilitate the initial use of the computer model by 
inexperienced students two scenarios are stored. One view (scenario 1) has variables and trends set to a 'low energy* future while 
scenario 2 has a more flagrant use of energy which results in substantial imports of fuel to meet demand after the year 2000. 

Suitable student exercises are> 

(i) Using as a base, scenario 1; maximise Industrial and Commercial activity without increasing energy demand and having no imports of 
fuel. 

(ii) Using as a base, scenario 2; maximise GDP with imports of fuel if necessary, 

(iii) Using as a base, scenario 2: with no nuclear power and no imports of fuel keep GDP constant. 

(iv) Using as a base, scenario 2: using maximum nuclear power and no imports of fuel keep GDP constant 

These exercises illustrate that there are no definitive answers to the problem of energy supply, and that a balanced view should be taken 
by students to these problems. They also remind the student that energy demands and supplies for one sector are intimately related to 
those fn other sectors and most importantly that technological decisions have social implications. The use and misuse of energy affects 
everybody all the time. 
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Table: Overall thermal efficiencies of UK power stations 
YEAR OVERALL THERMAL EFFICIENCY 

% 

1932 17.08 

1937 20.05 

1950 21.45 

1960 26.53 

1970 28.30 

1980 31.68 
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THE USE OF A SELF-INSTRUCTIONAL SCIENTIFIC LITERANCY MODULE FOR ENERGY EDUCATION 
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Abstract 

The role of science and technology is increasing throughout our society especially regarding global energy issues. There is a need for all 
citizens to have a scientific and technical literacy to understand and cope with these energy issues. The purpose of this study was to 
develop a self-instructional Scientific Literacy Module as a teaching tool. The module was designed to help develop the critical evaluation 
process of nonscience students on controversial energy issues. By following the steps of the module the student develops critical 
mi ndedness and objectivity in evaluating an article or series of articles on a controversial energy issue. The modu le stresses independent 
thinking and seif pacing. It utilizes a series of objectivies, rationales, readings and learning exercises. An assessment of the module was 
done on two different groups of college nonscience major students at two different institutions. Group 1 was required to use the module 
throughout the semester and was given a Scientific Literacy Module Evaluation. Group 2 was given the module but was not required to 
use it while working on an energy Issues project of their choice. Student comments on the value of the module as a learning experience to 
develop critical mindedness were documented. 
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Introduction 



A recent report to the President of the United States, (prepared by the National Science Fou ndation and the Department of Education) . on 
the state of science and engineering in the U nited States has noted that the role of science and technology is increasing throughout our 
society Knowledge of science isbecomingakeytosuccessin business.government, military, professions.andotheroccupationswhere 
it had never intruded before. Today, people in a wide range of non-scientific and non-engineering occupations and professions must 
have a greater understanding of science and technology.' 

The energy situation is an excellent example of a crisis area for which many persons still do not fully understand the long term 

implications. This is exemplified in a recent National Geographic special report on energy which states: "Americans like to believe that 

technology will solve any problem quickly if we work at it hard enough and throw enough money at it. After all. we sent men to themoon 

didn't we? But in the case of energy such a belief is compounded of wishful thinking and a lack of understanding of the limits of 

technology when faced with complex and intractable problems." 2 

It has been clearly visible that the economic and scientific segments of society have attempted through the media to develop an 

awareness on the part of the general public of the energy issue. However, a major responsibility to change attitudes and practices lies in 

our educational system. Scientific and technical literacy is increasingly ne^^ 

from high school and college with only the most rudimentary notions of science an technology portends trouble in the decadesahead. 

Many definitions have been offered for science literacy; for the purpose of this study a four part operational definition proposed by G.T. 
O'Hearn will be used The definition was summarized as follows: "1. basic scientific knowledge, 2. nature of science. 3. the processes o 
science and 4. social and cultural implications of science. 1 " Literacy in science implies not only an ability to read and communicate about 
the science but a willingness and. perhaps, even an eagerness to do so. At present, there is some evidence of a trend in the opposite 
direction within our society. There appears to be a prevailingly negative view of science, a sort of "disenchantment or uneasiness about 
science as^represented in some technological developments, particularly those that upset the human condition or environmental factors. 
The current situation requires the broadening of both the scope of what is taug ht and expanding the range of students. A viable alternative 
to creating new courses is more rapid development of supplementary materials which can be incorporated into existing courses, c.r. 
O'Hearn suaaests a strategy is needed which will: . . 

1 Prompt the development of new supplemental teaching materials specificaly directed toward developing science literacy. 

i. Be attractive enough to encourage teachers to incorporate the strategy and materials in teaching without retraining. 

3. Result in increased literacy in science as defined previously.- 1 
This paper deals with the development of a self instructional scientific literacy module as a teaching tool to meet the above described 
strateav The module was designed to help develop the critical evaluation process of nonscience students and guide them to become 
scientifically literate citizens. Students are confronted by a multitude of information dealing with controversial technologies le. energy 
vTmaqalines newspapers, TV specials, etc. By following the steps of the module the student develops critical mindedness and 
objectivity in ^va"uTting articles or films on controversial issues, with energy significant among them. The module stresses independent 
thinking and self pacing. It utilizes a series of objectives, rationales, readings, and learning exercises. An assessment of the module was 
done on three different groups of college nonscience major students at two different institutions. 

ISSSS!^^ *»°wed in sequence; it enables students to critically evaluate any literature reiating to 

science It was in the interest of developing "scientific literacy" in students that this non-technical approach to critically evaluating the 
Ztu%wTs directed The process of the" module fulfills three of O'Hearn's basic components of the definit on of science ltoracy.lt 
helps the student achieve basic scientific knowledge, information of the nature of science and the process of science. The social and 
cultural implication of science was not dealt with in the module in its present form but the potential f o/' n ~n»rattng^»c^|»nentof 
scientific literacy exists. The Plan of the module is depicted in Table I . Table 1 1 represents a summary of the ™ntentse f h « ™££ "^ 
the objectives, rationales and basic concepts covered in the learning exercises. Through systematic use of the module students should 
develop critical mindedness and objectivity as they 

1. look for inconsistencies in statements and conclusions; 

2. consult a number of authorities when seeking information; 

3. look for empirical evidence to support or contradict explanations; 

4. ask questions such as what, where, why, when and how; 

5. Challenge the validity of unsupported statements. 

Student Response to the Scientific Literacy Module ' .^ _, , „^,rf«i n n 

The module was used by 160 nonscience major students over a four year period Informal assessments or he modu J" e ™ ^^S 
three different groups of students. Group 1 used the module for all non-text book readi ngs and aud.ovisuals and were asks J » '«P°™ '° 
the Scientific Literacy Module Questionaire. A tally of the results is presented in Table II. The responses indicate the studensth.nkasa 
result of using the module they learned science facts, and concepts, realized the pitfalls of making unsubstantiated ««™Ptiore .know 
that conclusions must be based on adequate, data and better understand the importance of presenting more than one»d»^ 
controversial issue. Group2used the module forall non-textbook readings and audiovisualsforthesemester and were asked to evaluate 
the module the following semester. Table IV is a summary of selected student comments to specific question. 

A prevalent focus was the process of systematically looking e,< alternatives, analyzing facts and sources of ^*«^ r ^*"™!!* 
decision making. An important benefit of using the module seems to be its long term effect in aiding the student with analyzing complex 
issues such as energy both during the course proper and the following semester. 

Group3was given the module but was not required to use it while working onanenergyissueprojectoftheirchoice.Studentopinionon 
the value of the module as a learning experience focused on developing objectivity, looking for empirical evidence, and consulting a 
number of authorities, while dealing with the literature for their study. 
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Conclusion 

Science affects almost every aspect of our lives today, and we can expect that domination to be even greater in the future It is therefore 
m the common interest for the public to gain a better understanding of science and its application. The sc en tlflcaHv fterate SmanTs 
oTaSecar ZtTl "^P* c °ntradictor y scientific opinions. The challenge to tffmAmiJSS^^Z^SSi 
so that hecan make informed decis.ons on the tmpact of science and technology on his life. The Scientific Literacy Module ranbeuaadbv 
Zu»f a UC ,f t0rS t0 , Pr ° Vide 8 rea,i3tiC ' USeful and relevant educatl °™' experience. It provides the student M > tool o system atfclSy 

fntJ.^n fn Ch COmP ' e K iSSUSS 8S <he energy Pr0blem - " Can devel °P scienti "" c ,iter ^y to the point of enabMng S studenUo make 
intelligent decisions about personal and societal energy matters. 9 siuoent to ma«e 

■ National Science Foundation and Department of Education report to the President of the United States "State of Science and 
Engmeermg Education ,n the United States, Part I: Science and Technology for all", National Science Foundation! ^Sashington D^' 

2 K.F. Weaver, National Geographic, February, 18 (1981). 

3 Q.T. O'Hearn, Science Education, 60,103 (1976). 

4 Q.T. O'Hearn, 106 

Unrf-l! p T n0wle ^ e ! he Scientific Literacy Module was designed according to the format developed by J. Bruce Francis Ph D 
Associate Professor of Higher Education at the State University of New York at Buffalo, for individualized Instruction 

Table I 
PLAN OF THE MODULE 

The module consists of a series of steps to be followed in sequence. The steps include: 

ti^S^T^^^ ln t6rmS ° f C ° mpetence or ca P abi ^ These re P^*t ^e components of the process of criticai 

B. A rationale showing how attainment of the objective contributes to good evaluation 

C. A set of readings, 

p, A set of teaming exercises which will both facilitate and direct your learning and will serve as a form of posttest to assess how well vou 
have sucessfuf ly completed these exerc.ses and are confident of your understanding should you move to the next ob]eotlT 

Table II 
SUMMARY OF THE CONTENTS OF THE SCIENTIFIC LITERACY MODULE' 
Upon completion of the module the student will be able to; 
Objective #1 

To discern the hypothesis of the investigation. 
Rationale #1 

Learning Exercise #1 

Questions relating to; 

Hypothesis 

-importance of the problem 
-clear statements of the hyopthesis 
-assumptions 

Objective #2 

To describe how the investigation was done 

Rationale #2 

The methods of data collection should be described clearly and in enough detail to that you can follow exactly what the investiaator did 
These methods should be appropriate for the question investigated. wnai me investigator aid. 

Learning Exercise #2 

Question relating to: 

Methods 

-description and appropriateness of methods 

12?^!™ Ill P.^P |e '» °P |n, °" 8 I*™**), observations and/or measurements, informations from other sources 
-information reliability, bias, and number of observations 

Objective #3 

To characterize what was found as a result of the investigation. 
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Rationale #3 

The results of a study present the data collected for inspection by the reader. The results should be presented in a straightforward 
manner, with no conclusions or value judgement as to what data might mean. 

Learning Exercise #3 

Questions relating to: 
Results 

- data: clarity, form amount 

Objective #4 

To evaluate how the data were interpreted. 

Rationale #4 

While interpreting data the investigator explains what he thinks the results mean. He or she describes any patterns that emerged, any 
relationships that seem to have been meaningful, The investigator makes conclusions about the meaning of the data and explains why he 
or she has reached those conclusions. In effect, the investigator Is defending his or her point of view. 

Learning Exercise #4 

Question relating to: 
Data interpretation 

- support of conclusions by data 

- possible alternate interpretations of data 

- use of different sources of information 

- importance of the findings 

- additional questions raised by the study. 

Table lit 
TALLY OR SCIENTIFIC LITERACY MODULE QUESTIONNAIRE 

5 I strongly agree 

4 I agree 

3 I am uncertain 

2 I disagree 

1 I strongly disagree 

After you have carefully read astatement, decide whether or not you agree withlt. Select the number from the above scale which indicates 
your degree of agreement of disagreement with each of the statements below. 

The following questions relate to the Scientific Literacy Module, as a result of using the module; 

# 4.375 1, I learned a certain amount of science facts and concepts. 

4.541 2. I have improved my ability to critically evaluate material. 

3.666 3. I better understand how experimentation should be done. 

4.291 4. I realize the pitfalls of making unsubstantiated assumptions. 

4.583 5, I better understand the importance of presenting more than one side of a controversial issue. 

4.708 6, I know that conclusions must be based on adequate data. 

4,250 7, I feel t now use ability to critically evaluate in other areas than biology reading assignments, 

4.500 8, The Scientific Literacy Module was well orgainzed, 

3.500 9, \ feel the Scientific Literacy Module could be used in disciplines other than science. 

4.25 10. The module educated me to work independently, 

"Average scores for n = 24. 

Table IV 

SUMMARY OF STUDENT COMMENTS ON USE OF THE SCIENTIFIC LITERACY MOC ULE 
HOW DID THE MODULE AID YOU IN CRITIQUING ARTICLES? 

- "By using the module one can more easily see there could be bias in the article, and know where the credibility lies.' 1 

- "It helped me know exctly what I was looking for and helped me judge things in the right light." 

- "It helped in looking for questions in articles that I had previously not loked for. Such things, as actual data or writer's opinions of 
articles and were experiments used or not to substantiate the data," 

- "It helped me to analyze the facts and the sources of the article. I learned to judge how good an article was or how bad/' 

- "It established an orgainzed, systematic procedure for evaluating and presenting the material." 

- "The module was a base to starting a critique of the articles. It was a help in understanding what to look for the suspect in articles." 
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Did the module help you to look at both sides of an issue? 

- "The module helped you to not only look at both sides of the issue but also to consider the possibilities and positions for an issue". 

- ''Yes it certainly does! It provides a systematic method to look at both the long term and short term negative and positive effects." 

- "I'm not sure that it helped in any way to see the opposing side of a problem. I think it helped to be objective when critiquing however." 
(many students just answered yes) 

We spent some time on the complex energy problem. Did the module help you to evaluate the energy issue in your class readings or your 
readings since? If so, how? 

- "Yes, because it helped me to look at the different alterntives of energy and enabled me to make a choice of good possible energy 
choices for future consumption." 

- "Yes, by establishing realistic qualifications such as cost, time development and health implication, etc. of alternate energy sources, 
Especially informative was the restricted application of solar energy in Wisconsin's climate/' 

- "Yes, the module showed othe facts about different types of energy. They were explained in detail. The module looked at a large 
amount of pro's and con's for any type of energy. 

- "Yes, it orientates the mind to think systematically. One looks at both sides of the isssue. Noting from the source as to which side the 
article is on, One gets a more comprehensive grasp of the issue. 

27.5 

ALTERNATIVE ENERGY AND ELECTRONICS 

John D. Cremin 
Electronic Technology Department 
Wentworth Institute of Technology, Boston, Massachusetts 02115 
Abstract 

This paper describes a new course given to entering freshmen electronics technology majors in the standard and advanced courses at 
Wentworth Institute of Technology in Boston. The purpose of the course is to introduce the students to alternative energy systems (solar 
thermal, solar photovoltaics, wind biomass and ocean thermal) and the ways in which electronics are used in these systems. This paper 
presents the course outline, a description of the types of problems the students were required to solve, and some examples of the systems 
used to illustrate the role of electronics In alternative energy systems. A brief description of classroom demonstrations and student 
projects is also included. 

I. Introduction 

A new course in electronic applications to the alternative energy field was developed and taught at Wentworth Instituteof Technology in 
Boston, Massachusetts in the Fall and Spring of 1 980-81 . The purpose of the course is to give first year electronic engineering students an 
overview of the specialized electronics courses they will be taking over their two or four year course of study at Wentworth. Another 
objective of the course is to give the students some fundamental and systems type information about alternative energy systems. The 
rationale for using alternative energy systems, such as solar thermal, solar photovoltaics, wind and biomass.as a vehicle for teaching 
electronics is that these systems appear to represent a large market in the future for electronic systems and the best preparation for 
people who will be troubleshooting part of a system is understanding how the entire system works. The basic difference between this 
course and a physics course is that the physics is used as a tool to explain the systems studied. The course was developed from a 
continuing education course on energy alternatives. taught at the Massachusetts Institute of Technology's Lowell Institute School in the 
Fall of 1979. 

II. Course Outline 

The course consists of the eleven units listed below; 

Energy and Power 

Solar Geometry 

Solar Radiation 

Energy Storage and Transfer 

Heating Ventilation and Air Conditioning 

Solar Thermal Systems 

Wind and Hydroelectric Systems 

Biomass 

Ocean and Geothermal Systems 

Nuclear Energy 

The first five units represent the fundamentals necessary for the study and understanding fo the systems discussed in the last six units. 
The application of electronics is stressed in each of the eleven units, even those representing fundamentals. The course, as it was taught 
the first year, is a two-credit course, meeting twice a week forfifteen weeks, Classroom demonstration of electronic instrumentation used 
in the various systems is an integral part of the course. The demonstrations could be made into laboratory experiments for an expanded 
course. A student project was a part of the course as it was taught. The course could also be taught to mechanical power or other 
nonelectronic majors as an electronics course with applications from the non-electronic major area, since many of the systems studied 
have mechanical sub-systems. The following sections describe the scope of each of the units in the course outline along with a brief 
description of the demonstrations, student projects and homework problems. 
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A. Energy and Power 

The unit introduces the concepts of energy and power by examples and by emphasizing the various units associated with energy and 
power. In the units on systems, it is important for the student to be able to relate Kilowatts per square meter and British Thermai Units 
(BTU) per hour per square foot, since specification sheets usually deal in a variety of units. The concept of energy equivalent for fuels is 
introduced to explain the method for comparing costs of wood, oil, gas and electric heating systems. Some examples of problems to r th is 
unit are presented in Fig, I 

B. Solar Geometry 

This unit defines the terms and geometry necessary for understanding the motion of the sun and its effect on the performance of the solar 
radiation systems studied in later units. Electronics used in sun tracking are described, and the concepts of open loop and closed loop 
tracking are presented. Typical problems for this unit shown in Fig. 2. The advanced students designed and built sundials as a project 
contest. The winning sundial was a pin hole sundial with readout on a cone under the pin hole. 

C. Solar Radiation 

The relations between radiant energy and temperature and the greenhouse effect are presented in this unit. Instrumentation for 
measuring sunlight power and temperature and the role of electronics in data collection and processing are presented. Typical probl ems 
for this section are shown in Fig. 3. Demonstrations of radiometric equipment for measuring sunlight intensity (pyranometer) is 
presented together with data logging equipment 

D. Energy Storage and Transfer ^ka\ « 

In addition to describing heat transfer and storage in air, water and- rock, the storage of heat by phase-change materials (PCM) is 
presented. Electrical energy storage in batteries and mechanical energy storage in flywheels is described as well. Heat pump operation is 
covered and the application of heat pipes as heat sinks in electronic systems is presented. Some problemsfor this unit are shown in Ftg. 4. 
Demonstration of battery state of charge by current measurement is presented in this unit. 

E. Heating Ventilation and Air Conditioning . 

HVAC, as the industry is known in the United States, is an area where electronics is growing each year. Many new energy saving 
electronic devices, such as set-back thermostats and boiler temperature control based on outside air temperature, appear each year. In 
this section, the elements of heat loss calculation for structures, including both convective (infiltration) and conductive heat loss, are 
stressed. The relation between heating degree days and design temperature is presented. Heat loss problems for electronic chassis is a 
natural extension of building heat loss. Some typical problems are shown i n Fig. 5. The measurement of temperature by thermisto rs and 
thermocouples is presented as a classroom demonstration for this unit. 

F. Solar Thermal System* •■*«■■ ««h 
This unit begins the study of systems, The study of solar thermal systems uses the principles studied in all the previous units. Passive ana 
active systems, as well as combinations of active and passive techniques, is presented. Various electronic differential thermostats are 
described and demonstrated.. Fig. 6 shows problems for this unit. 

Solir°2eS^ promise of setting households independent of electric utilities in the future, or reducing the cost of electric 

from a ut „ it „ 0ne of te projects given students the second time the course was taught was to design and document a solar ce\\ 
system The application was left to the student and resulted in a wide range of applications from very expensiveappl anceapplications to 
someTelativel^ inexpensive alarm systems. Power conditioning, battery charging and combined thermal ™W%^*"^£ ^ 
interactive solar PV systems are presented. Problems associated with this unit are shown in Fig. 7, Measurement of a solar panel 
current-voltage characteristic is performed as a demonstration for this unit. 

^'X^^S^S^»^SSto are described and the power conditioning problems associated with *' ndm «|» j» P^^J'J';? 
use of hydroelectric plants for sharing utility peak power requirements is discussed. Fig. 8 presents sample problems for this unit. 
Measurement of rotational speed using an LED and photodiode is demonstrated in class. 



way of providing storage of energy. Biomass in the form of wood, methane, and alcohol represents renewable fuel in sol id gas 
form The use of electronic temperature measurement and control in the generation and use of these fuels in described. 



I, Biomass 

Fuel is one 
and liquid 
Fig. 9 shows examples of problems for this unit. 



t^J^SS^SS^Lns. ocean and geothermal systems have been around for a long time. It is the application of new 
is the view from the vantage point of an electronics. Fig. 10 presents some problems for this unit. 

?he N dEnc n e e be y tween nuclear fission and fusion systems is presented along with a description of how present day nuclear p.ants 

generate electricity. 

!l!.Sd°S"om. c*m*m de m ons«, a .lo nS and «. .wo «ud«,t pro|«« d-chM in «e ^"^"■^t'Sjo'^'^ff 

received was; 68 good, 32 average, and 4 weak, 

precursor to the course described in this paper. Also acknowledged are Professor Alexander- Avtig.s of Wentwortn institute of 
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Technology, who initiated this course, and Professor Robert Coughlin who taught one of the three sections of students and who 
contributed greatly to the material in the course. The author also wishes to acknowledge the SOLAREX and SPIRE corporations for 
support in the Solar Photovoltaic area and to the M. IX Lincoln Laboratory for the opportunity to stay current in the solar cell field. 
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Energy and Power Problems 

The mileage of a car with a gasoline engine is expressed as 30 miles/gallon. Express the mileage in miles/joule; miles/BTU, miies/Kw-hr. 

If a fuel with an energy equivalent of 145 million Joule/gallons is used in the problem above, what will new mileage figure be in 
miles/gaNon? 

Solar Geometry Problems 

Compute theamount of overhang required to shadowaglassdoor8feethighjftheoverhang is 10feet from the ground. The shadowing is 
required for a noon elevation angle of 71 degrees. 

When it is 11:00 a.m. in Greenwich, England, what is the time at the center of the Eastern Standard Time Zone? 

Solar Radiation Problems 

How large an area is required to capture 0.5 horsepower at an air mass of 1.2? 

At what wavelength is the radiation of a 2900 degree Kelvin block body a maximum? 

Energy Storage and Transfer Problems 

Calculate the thermal resistivity (R value) for the following thicknesses of fiberglass insulation: 3 inch, 6 inch, and 12 inch. 

A tank 6 feet in diameter and 5 feet long is used to store 1057 gallons of water at 120 degrees FarenheitTheR value of the tank is 11, How 
much heat will be lost if the surrounding temperature is 65 degrees Farenheit? 

HVAC Problems 

How many Kilowatt-hours are required to replace 4 amps of current drawn from a 12 volt battery for 2 hours? (Assume 100 percent 

charging eficiency.) 

Solar Thermal System Problems 

How many BTU are stored in 100 gallons of water raised to a temperature 50 degrees Farenheit above room temperture? 

What is the principal difference between a collector designed for heating a swimming pool and one designed to provide domestic hot 
water? 

What is the chief drawback of a liquid thermosyphon system vs. a system with a pump? 

Solar Photovoltaic Problems 

Which way will the open circuit voltage of a silicon solar cell shift (to higher or lower voltage) when temperature increases? 

Which solar cell should produce more power - cell with a 4 inch diameter or a 2 inch diameter? Which cell hsa higher voltage under the 
same load? 

Wind Problems 

If a manufacturer describes the output of a windmill at 12 mph as 2 kw„ how much power would you expect at 6 mph? 

Which type of windmill is not sensitive to wind direction: a vertical axis or horizontal axis mill? 

Biomass Problems 

A methane digester consists of 7 -55 gallon oil drums. If it produces 39 cubic feet of gas per day, how much energy does it produce? 

If 140 proof alchol can be burned in a modified oil furnace, what percent of the fuel is water? 

Ocean and Geothermal Problems 

A geyser produces geothermal steam at 170C. What is the carnot efficiency? 

A proposal to drill through 22,000 feet of granite at Conway, New Hampshire to obtain 4000F steam is made, What is the carnot efficiency 
if the surface generator is working at 21 2F? 

27.6 

UNIVERSITY GENERAL EDUCATION COURSE ON ENERGY 

Donald C. Worth 
Physics Department, International Christian University 

Mitaka, Tokyo 181, Japan j£J) 

In the Autumn Term, 1980-81, a revision was made in the 3 sem, hr. general education course, "NS II: Foundations and concepts of 
Physics", offered at international Christian University. The basic goals of this revised NS II course — one intended primarily for 
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non-science major students — have remained the same as in the past; as stated in the course description, ",.,to examine the fundamental 
relationship between theoretical and empirical knowldge in the physical sciences through the study of selected topics in physics,,.". 

As its focus for the "selected topics", the older form of NS II used the theme of the establishment of classical and relativistic mechanics. 
The student was asked to read excerpts from Aristotle, Galileo and Newton concerning the establishment of classical mechanics, as well 
as excerpts from Einstein-lnfeld's "The Evolution of Physics" (particularly Part 111 dealing with "Field And Relativity") concerning the 
fundamental revisions introduced by Einstein. Throughout, emphasis was laid on the relationship between physical theory and 
experimental findings in "sorting out" and improving physical concepts; and the readings were examined from this general "tactics and 
strategy of science" point of view. 

In its revised format, as stated in the course outline given to students, "„the course examines the growth of empirical knowledge and the 
expanding theoretical understandings connected with 'energy'. The history and root ideas involved in the mechanical and thermal origins 
of the energy concept, as well as their interconnections, are examined, aided by the study of 'landmark papers' such as those of Newton, 
Leibniz, Rumford, Joule, Mayer and others. The extension of the energy concept to other fields of physics, as well as to engineering and 
modern technology, is also outlined. In the latter part of the course, attention is given to contemporary concerns with the availability and a 
renewability of energy 'sources' in present-day society." 

From the above, it is doubtless clear how the "Readings On Energy" are intended to be used. It is hoped that by studying the Readi ngs, the 
student will develop a greater awareness and appreciation for "science as process" — an interplay of human creative activities in both 
theoretical and experimental areas — and also a greater understanding and interest in "energy" and contemporary energy questions. 
Building upon these readings, the lectures are designed to aid the student in generalizing his/her understandings of the basics of energy 
acquired through the study of the "landmark papers", and to present applications of the energy concept to present day problems. 

It is considered that there are several advantages In having non-specialist students in a general education course in science follow an 
"original papers" reading approach. First of all, through theexamination of such papers, the student is more apt to perceive the persistent, 
yet often groping, quest for scientific knowledge and understanding at the initial stages of an inquiry into a given field of investigation, 
before most of the confused and personal elements involved have receeded, and a more precise and formal format has emerged: in this 
more formal stage, technical operations and terminology have become more precise, and hence are further removed from the 
non-specialist's experience, language and appreciation. 

From the above, a second advantage of using "original papers" may be seen; namely, the non-specialist student may be better able to 
understand the context, content and scientific meaning of the specific topics examined if these are taken from an early stage of 
conceptualization, more apt to be free of technical elaboration than a later, advanced state of development. Indeed, improved under- 
standing of this sort, on the part and by the initiative of the student is more to be valued educationally than any amount of detailed 
"replication" of factual material presented in the course by the instructor; and such an educational objective is by no means to be limited 
to the non-specialist student. 

The topics covered in the -'landmark paper"readings may be seen from the following listing — 

Mechanics — 

NEWTON; Laws of Motion (4 pp.) 

LE1GNIZ: Conservation of Vis Viva (Kinetic Energy) (8 pp.) 

Heat — 

BLACK: Thermal Equilibrium; Heat Capacity ( 2 PP-) 

LAVOISIER: "Caloric" Theory of Heat ( 2 PP-) 

Mechanics, Heat and Energy — 

RUMFORD: Heat In Relation To Work ( 5 PP-) 

DAVY: Heat As Vibration < 1 P-> 

JOULE: Mechanical Equivalent of Heat ( 2 PP-) 

MAYER: Conservation of Energy (Mechanical, Thermal, Etc.) (2 pp.) 

Empirical Gas Laws — 

BOYLE: Pressure-Volumne Relationships in Air ( 3 PP-) 

GAY-LUSSAC: Volume Changes of Gases Due To Temperature Changes (3 PP-) 

Thermodynamics — x 

CARNOT: The Idealized "Heat Engine" 3 PP* 

CLAUSIUS: Second Law of Thermodynamics; Entropy ( s PP*j 

KELVIN: Second Law of Thermodynamics; Absolute Temperature ( 3 PP-) 

In addition to the "Readings" listed above, students in NS II were provided with a total of thirteen "Supplementary Notes". These were 
intended to serve either of two general functions: 

a) To summarize {verbally and algebraically), or to illustrate more concretely (usually by means of graphs or numerical illustrations), the 
ideas presented in the "Readings". 

b) To present new material not treated in the "Readings", Examples — ■ 

- (After Mayer's paper) Forms of Energy And Their Inter-convertibility; Conservation of Energy And The First Law of 
Thermodynamics 

- Efforts at Constructing "Perpetual Motion" Devices 

- (After Boyle!s and Gay-Lussac's papers) The "Gas Cylinder Device" and The "Empirical Gas Equation" 

- (After Carnot's paper) Application of the "Gas Cylinder Device" to the Carnot Cycle; Thermal Efficiency of the Carnot Cycle (in 
terms of Heat input, Qi, and Heat Exhaust, Q2) 
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- (After Clausius' paper) Thermal Efficiency of the Carnot Engine (in terms of "Thermal Reservoir" Temperature, Ti,and'Thermal 
Receiver" Temperature, T2), using the concept of "Entropy": Numerical Illustrations, 

- Efficiencies of Several Practical Engines: 

a) Steam Engine (b) Steam Turbine 

c) Internal Combustion Engines— 

i) Gasoline Engine (ii) Diesel Engine 

- The "Reversed Carnot Engine": The Refrigerator 

- The "Heat Pump" 

- The "Second Law of Termodynamfcs" 

- "Total Energy Costs" of Heating/Cooling A House: 

Process Energy Resources: "Energy Capital" and "Energy Income" 

- "Renewable Energy Sources": Solar Energy, espec. "Solar-Thermal" and "Solar-Electrical" 

- Three Types Of Growth: 

a) "Linear Growth" ("Doubling-Time" becomes longer and longer) 

b) "Exponential Growth" ("Doubling-Time constant) 

c) "Accelerative Growth" (Doubling-Time becomes shorter and shorter) 

- World Energy Consumption: Present Values and Growth Rate 

Experience with the revised format of NS II, in which the development and application of the energy concept is treated as outlined above, 
has been definitely encouraging. Student interest and effort, as well as achievement, have been high, despite the appreciable amount of 
reading and attention to new terminology and concepts required of them, There was some indication — to be explored further in 
subsequent offerings of the course— that students found the fundamental approach toenergy followed in this course to be meaningful in 
considering comtemporary energy questions and problems. 

27.7 

ENERGY: FOCAL TOPIC FOR AN INTERDISCIPLINARY CORE SCIENCE COURSE* 

Gerald S. Touger 

Division of Natural Sciences and Mathematics, Curry College, 

Milton, Massachusetts, 02186 

Abstract 

An interdisciplinary science course, team-taught by a biologist, a chemist, and a physicist, has been developed at Curry Coilegeas part of 
a core liberal arts curriculum. Emphasis is placed on how the sciences achieve an understanding of the natural world. Methodologies, 
concepts, and attitudes are examined in the context of a few major focal topics germane to all the sciences. Of these, energy is the most 
extensively treated. Text modules have been specially developed to reflect the course's unique treatment and perspective, 

Energy as a conceptual construct (as opposed to a direct percept) having broad explanatory power is developed from its intuitive roots in 
ordinary experience to formalization as a measurable quantity. Considered first in macroscopic, observble, everyday situations, the 
energy idea becomes increasingly powerful when applied to microscopic models in simple chemical systems, and then to the more 
complex chemical systems found in living organisms. 

The predicative power of explanatory structures makes technologies possible. We focus on energy technologies, examining modes of 
energy production and delivery and their consequences in terms of priciples developed previously, Conceptual tools developed to 
understand the natural world are then applied to the societal problem of energy decision-making. 

Text 

At Curry College we have developed an interdisciplinary science course, team-taught by a biologist a chemist, and a physicist, as part of 
a central liberal arts curricufum required of all students. Emphasis is placed on how the sciences achieve an understanding of their 
subject matter. Methodologies, concepts, attitudes and consequences for society are examined in the con text of a few major focal topics, 
of which energy is the most extensively treated. 

I n this context, energy is considered both as a paradigm of a conceptual construct and as the focus of one of the critical issues of our time. 
On the one hand, we raise the question of how an abstract concept such as energy arises out of the sensory experience from which ail 
science begins, What intuitive notions, and what needs, lead to the energy concept? On the other hand, we deal with the notion of energy 
as a commodity, one that can be in abundant or short supply, and one to which one can attach a price, as electric power companies do. 
The latter concern requires that energy be defined quantitatively, and this practical need, which is ultimately the need to measure, 
determines the form that the abstract energy concept must take. From this vantage point, it becomes evident to students that questions of 
physics and economics are intimately related in considerations bearing on the energy crisis. In the context of a core course for a liberal 
arts curriculum, this also reinforces the notion that the style of thinking represented by the sciences is extensible to other areas, and is 
applicable as well, for example, to the societal and economic questions raised by the energy crisis. 

Our treatment of energy is in some ways novel, and is presented fully in aseries of text modules we have developed and are continuing to 
develop with NSF support. The modules cover other aspects of the course as well. A fuller overall discussion of the course is to be 
published elsewhere. ' Detailed syllabi are available from the author upon request. We begin by exploring the intuitive roots of the energy 
concept, asking students (especially those without physics background) what associations they make with the words energy and 
energetic. Intuition, we recognize here, is not free of cultural context, which generally includes an ill-defined connection between energy 
and technology, In proceeding on this basis, our intent is not to reconstruct the history of the energy idea with any obligation to historical 
accuracy. Historians of physics have recognized that the formal events of physics, e.g. the published results, do not typically reveal the 
process of development of ideas. 2 Even in traditional physics teaching, where there is a strong concern for the historical development of 
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ideas, we teach Newtonian physics as though it were pre-cast in mathematical algorithms rather than as the first enduring success of a 
continuoushistorical development from Artistolelian physics. Yet as Champagne 3 and her colleagues pointed out, the intuitive thinking 
of many of our students remains essentially Aristotelian (for example, no motion in the absence of a force), and for them the Newtonian 
scheme is an unmotivated abstraction. For those of our students (and they are the majority) who resist unmotivated abstractions, a 
reasonably continuous development from the student's own intuitive notionsand cultural biases can serve as an underlying model which 
makes the abstraction more acceptable. If we are coming dangerously close to apocryphal history here, we are nevertheless avoiding 
involving students in the morass of historical details surrounding the development of the energy idea in the nineteenth century, details for 
which the student would have to substitute a nineteenth century worldview for his own cultural biases to understand fully. 

Class discussions quickly establish that students have some prior assocation of the terms energy and energef/c with heat, with motion, 
and with utility, which can evolve into a more formalized notion of work. They are then asked to consider a sequence of situtations 
involving energy input, storage, and output Three systems, a weight-driven pendulum clock, a dry cell connected to a light bulb, and a 
hydroelectric plant generating electricity for the operation of an electric fan, provide examples of most of the major aspects of energy that 
we seek to cover, Students note in qualitative terms the transformations that occur, though they don't yet readily identify these as energy 
transformations. With regard to utility, they associate useful work done with energy expended. They recognize that stored energy can be 
associated with position {e.g. the height of the waterfall or of the clock weight) and that the position is achieved by separating objects 
bound together by an attractive force (such as thegravttational force between the clock weight and the earth). Thus f by an input of work a 
system gains potential energy which can, at a later stage, be actuated as kinetic energy, i.e. energy of motion. 

The students' first encounter with potential and kinetic energy is thus qualitative and situational. In this treatment, a groundwork is also 
established for later considerations. The notion of increasing potential energy by doing work against attractive forces i nternal to a system 
is later extended to chemical potential energies and binding forces. The stepwise release of energy with each tick of the pendulum clock 
later provides a suitable model with which to compare the energy release in respiration. The electric bulb reminds students that not all 
energy can readily be categorized as potential or kinetic, but that radiated energy must also be considered. This we do later and at length. 

After considering an additional set of situations in which students determine on intuitive grounds whether or not work is being done, we 
introduce the standard Newtonian quantitative definition, emphasizing the consistency of the quantitative statement with prior qualita- 
tive statements. The fact that if either force or distance is zero then no useful work is done provides a rationale for defining work as a 
product. 

Considering work done by an unopposed force and by a force acting against gravitation then gives us the standard derivations of 
quantitative expressions for kinetic and gravitational potential energies. But the resulting equations are treated as mathematical 
statements which, like the work definition, must be entirely consistent with prior qualitative statements. For example, in the equation 

mgh . - mgh t = Vfc mv 2 - '/-mv^ 2 , 

which occurs after we have identified Vfc mv 2 with kinetic energy, students see that the decrease in a quantity dependent on position (the 
height h) gives rise to an increase in kinetic energy. That this quantity thus meets the criteria established previously for potential energy in 
qualitative terms makes plausible the identification of the quantity mgh with potential energy. This approach of talking through equations 
is a revelation to many of our students who have seen equations only as puzzles to be solved for numerical answers. They begin to see 
equations as algorithms for real-world situations, in which the symbols represent measurable quantities, so that the statement must be 
cast in quantitative terms. Again we are promoting a mind-set which is extensible beyond physics, . 

As it is extended from the macroscopic to the microscopic realm, the energy concept is also extended across disciplines. After suitable 
development of atomic models, the notion of energy input or work against internal attractive forces is applied to these microscopic 
systems. Thus, energy input is needed to break chemical bonds by overcoming the forces that hold chemical species together and energy 
is released as the species come back together again. The macroscopic mechanical analogy makes an exothermic reaction understanda- 
ble in these terms, and an endothermic reaction is similarly understood. The same reasoning is extended by our biologist to the more 
complex endothermic process of photosynthesis and the more complex exothermic process of respiration. Here, as elsewhere in the 
course, our procedure is for the physicist to develop a concept using readily visualized macroscopic systems. The chemist then extends 
the concept to simple microscopic systems, and the biologist to the more complex microscopic systems found in living organisms. 
Similarly, when entropy is discussed, the need for an energy input to create or sustain order might first be considered in a macroscopic 
situation such as the maintenance and repair required by an old building. The chemist would then extend the notion, say, to theunmixing 
of fast and slow molecules by a refrigerator. The biologist would then deal with the continued input of energy required to maintain the 
high degree of order in the complex molecules, such as proteins and nucleic acids, that characterize life. 

The macroscopic-to-microscopic transition is also made for radiated energy. A full rationale for a wave iies beyond the scope of the 
course, However, the unequal transparency of a pane of glass or of an atmosphere to different wavelengths proves adequate to account 
for the heating that occurs in a more-or-less macroscopic situation such as the greenhouse effect. For the photoelectric effect, on the 
other hand, the wave picture fails and students see that a photon picture is necessary in order to understand the input and output of 
energy on an atomic or subatomic scale. Again the idea is extended to the more complex microscopic systems found in living things, in 
this case pigment molecules. Students see that the absorption of photons by the electrons of highly complex molecules such as 
chlorophyll, in which the allowable energy jumps match the photons available from the sun, initiates the photosynthetic process by which 
most of the energy used by life on earth (humans included) is captured. They also are made aware that this captured energy, like all other 
radiated energy received from the sun, ultimately gets radiated back out into space, and that our concern with solar energy is keeping it 
around long enough to use it. 

When we turn from energy as a conceptual construct with broad explanatory power to the development of a technology based on the 
understanding so gained, we see that the inclusion of biology in an area traditionally seen as the preview of the physical sciences has not 
been gratuitous. The conceptual underpinnings of our present energy technologies derive principally from physics and chemistry; our 
treatment of these technologies is tied to principles the students have already considered, and is relatively conventional. But this "grey 
technology", as Freeman Dyson 4 terms it, may in the future be challenged by a so-called "green technology' 1 as our understanding and 
control of biological processes on a molecular scale grows. 
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Moreover, as regards the current global energy predicament, in which the consideration of energy as a commodity is important, it is 
necessary inter alia to consider the competition for energy resources between our internal and external needs. The author is billed 
monthly by Boston Edision for an amount of energy approximately equal to the caloric intakeof his family for the same period. On a more 
global scale, the agriculture necessary to provide for that caloric intake has become increasingly energy-intensive, while arable land 
continues to get paved over by a species seeking living space for its exponentially growing population. A contribution from biofogy is 
necessary in order for the students to see these issues in all their complexity. 

Students emerge with a view of a global store of energy having, in the terms to which they have become accustomed, multiple inputs and 
outputs. By this stage they have had considerable exposure to the idea that models of the natural world are adjudged valid insofar as they 
can predict outcomes accurately. Modeling a global energy system at any level requires a suitable selection of quantitative data and an 
array of simplifying assumptions. Students see this done for a smaller but comparable system, the U.S. energy supply. At the end of the 
course, they get to test their own strategies for meeting US, energy needs on an energy-use synthesizer developed for the U.S. 
Department of Energy, 5 Their strategies should by now be informed by some depth of understanding, and hopefully also reflect an 
awareness that systems do not exist in isolation and that America's energy needs should not be so considered. 

•Supported in part by an NSF LOCI grant 

1. J.S. Touger. J. College Sci, Teaching, to be published 

2. G. Hoiton. THE ORIGINS OF SCIENTIFIC THOUGHT, KEPLER TO EINSTEIN (Harvard, Cambridge, MA 1973) 

3. A.B, Champagne, L.E. Klopfer, and J.H, Anderson, Am, J. Phys., 48, 1074 (1980) 

4. Dyson, Freeman, DISTURBING THE UNIVESE {Harper Row, N.Y., 1979) 

5. available with speaker in Boston area from Mass. Voice of Energy, MIT Student Chapter. 138 Albany St., NW1 2-1 34, Cambridge. MA. 
02139, For regional availability elsewhere, contact the U.S. Dept. of Energy 
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CREATIVE DELIVERY PATTERNS FOR AN ENERGY COURSE 

Patricia A. Cuniff 

Prince George's Community College 

301 Largo Road 

Largo, Maryland 20870 

Abstract 

An energy course, entitled; Energy Resources and Conservation, has been offered at Prince George'sCommunity College for the past six 
(6) semesters. This three credit physical science course was originally developed for delivery by the conventional lecture-discussion 
format over a 15 week semester. However, it has been modified so as to be capable of delivery in a 5 week summer session; as a course by 
newspaper utilizing resource materials prepared by the University of California, San Diego and 15 weekly newspaper articles published in 
a local newspaper; and, as a course taught over three weekends. The latter three formats have shown particular appeal to an older and 
more diversified audience than that which normally registers for the course taught during the regular semester. 

The course, which fulfills a three credit physical science requiremen for students who wish to transfer to a university, inciudes a 
discussion of energy transformations, energy units, conventional energy sources, alternate energy sources, and potential new energy 
sources. Field trips to fossil fuel power plants, energy research laboratories, solar buildings, and a nuclear power plant, have been 
included. The interrelationship between energy and the social, economic, and political arenas is woven into the course. 
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SESSION 28: ECONOMICS, ETHICS, AND THEORY 

28.1 

ETHICS IN THE CLASSROOM - MORALITY AND THE LAWS OF THERMODYNAMICS 

Alvin Saperstein 

Wayne State University 

Detroit, Michigan 48202 U.S.A. 

Modern physical science may be said to have begun in the time of Galileo. Prior to this time, the "why" of a phenomena was seldom 
separated from the "how", e.g., heavy objects fell because their "natural place" was at the center of the earth-which was the center of the 
universe Descriptions and explanations of physical phenomena had to fit into a grander scheme which included man's place in the 
universe as well as his relation to God and his fellow man. Challeges to accepted physical ideas were strongly coupled to challenges to the 
normative ethical-moral precepts which "followed" from the accepted religious and political ideas and were therefore strongly 
suppressed. 

We ail know about the burning at the stake, by the medieval churchstate, of Bruno who dared to suggest that our world was not the only 
world in the universe. More recently, we have heard about the repression of Lysenko's opponents, those whose scientific ideas in genetics 

interfered with the political-philosophical views of biological perfectibility held by a modern ruling class. We may explain the apparent 
failure of European man to observe and record theappearance of theCrab-nebulasupernova in A.D. 1054, even though it was apparent to 
Chinese and American Indian observers', by noting that such an observation implies the non-immutability of the heavens, contrary to the 

commonly (European) accepted scriptural cosmology. As a cap to the pre-scientific view we have Galileo's contemporaries refusing to 
use new instruments for fear of bringing themselves into conflict with established beliefs:". ..what would you say of the learned here, who, 
replete with the pertinacity of the asp, have steadfastly refused to cast a glance through the telescope?" 3 

As a reaction to the self-imposed blinders of political-religious views, modern science has striven to keep religion and politics- and their 
presumed ethical correlates - out of its development and teaching. Religion and ethics were to be kept at home or in thechurch and out of 
the secular classroom, e.g. organic chemistry flourished because its developers were not concerned with whether it would be used for 
medicine or poison gas but were just concerned with how " amoral" carbon atoms combined to form molecules and how these molecules 
constituted and influenced living and non-living systems. In spite of the attempts by some religious fundementalists to return to the 
pre-Galilean era, to link purpose and ethical precepts to supposedly scientific ideas, e.g., "scientific creationism", most scientists (and 
non-scientists who respect the intellectual climate of science and/or the important benefits its practical applications have brought to 
humanity) are aware of the possibility of, and would be hostile to, the restoring of blinders to science, to consciously allowing political or 
religious of blinders to science, to consciously allowing political or religious outlooks to control or influence the kinds of scientific 
questions which may be asked or the kinds of answers which may be pursued. 

But there is a reverse influence - the influence of established science on moral outlooks - which is often ignored by many scientists and 
teachers Yet accepted scientific beliefs can have a major impact upon private and social morality; different scientific laws lead to and 
support very different moral outlooks. To ignore these "feed backs" is to confine science to an ivy tower, cutoff from the major concerns 
of the vast partof the population whoareneither technologists nor scientists. For example, a society whose scientific beliefs about energy 
was limited to the First Law of Thermodynamics could be selfish and filthy, polluting and wasteful of energy and resources. 

This follows because the First Law states that energy, "the ability to do work", can be neither created nor destroyed - that -perpetual 
motion of the first kind", in which an isolated system ends up with more energy than it started with, is forbidden. Thus, certain kinds o 
"behavior" are prohibited. For example, we can't go to an isolated place having little energy, such as a distant minor planetoid, and expect 
to do lots of separative work there, such as extensive mining and removal of minerals; each export implies an increase in theenergy ot me 
system - the separation or binding energy, However, nothing in this Law prevents energy from being reused over and over again, 
indefinitely "Perpetual motion of thesecondkind M , in whichenergy transformationsoccurwithoutchangingtheamount of useful energy 
in an isolated system, is not forbidden. If we stay within a system, we can do an indefinite amount of work; since energy could be reused 
indefinitely it would not matter if the initial supply of energy were finite. It would furtherfollow that there are no restrictions upon the use 
of material resources since, by doing enough work, materials can be recycled indefinitely and pollution reduced to any desirable level . 
A simple pleasant moral im plication can be drawn from the assumption that the First law is the sole determinant of energy use: w natever 
we do, we will not deprive our posterity of anything, as long as we stay here on earth and don't rocket away with lots of energy. 

When the Second Law of Thermodynamics is added to our system of beliefs, quite different kinds of behavior are called for This 

fundamental law can be expressed In several different but equivalent ways: a) Heat flows naturally from hot bodies to coW 

will not move form a cold body to a hotter body ( refrigeration) without an energy input, c) It is impossible for a system (a heat engine to 

take in heat at a high temperature and perform work without putting out some heat at a lower temperature, d) The entropy of an isolated 

system can never decrease. 

This Law implies that the energy available to do work (the "available energy") decreases with use - that perpetual motion of the second 

kind is forbidden. It also implies that "waste heat" is always produced whenever energy is used. 

A physical implication of this Law is that available energy is "used up". Hence we cnnot use more energy than was initially stored inour 
"bank account" or than we receive as our current "income". (By "bank account" we mean the energy deposited in the earth in the form or 
nuclear fuels at the time of formation of the solar system, or in the form of fossil fuels via the incomplete biological photosyn hess- 
oxidation cycle since then. By "income" we mean the current influx of energy in the form of solor radiation. Our fossil fuel account s just 
the net savings of our earth's previous solar income). Also implied is "heat pollution". Even if our energy bank account were int nite. 
allowing us to do an indefinite amount of desired work, the waste heat produced with each useful energy transformation will lead to an 
increase in the temperature of our terrestial environment with incompletely known but malign consequences. Other forms of Pollution j 
garbage and sewage - represent increased entropy; energy must be withdrawn from our limited savings or income to reduce this entropy, 
to recycle the resources and diminish the material pollution. 
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The moral implications of the Second Law are quite different from those of the First What we use up today will not be available to our 
posterity - if we use up the fossil fuels, they will have none. Many unknowns stand in the way of a meaningful estimate of the total amount 
of fossil fuel energy eventually available to mankind. However, we can arrive at an upper bound by recognizing that the creation of fossil 
fuels by photosynthesis is accompanied by the production of oxygen. Assuming that all of the oxgyen free in the earth's atmosphere and 
trapped in the surface of the earth's atmosphere and trapped in the surface of the earth's crust stems from the creation of these fuels, we 
obtain for them an upper limit amounting to about 8.7 x10 t8 kilowatt hours 3 . (Obviously, even if this much fuel actually existed upon earth, 
not all of it would be usefully reachable. Some estimates 4 say only 1.5% of this upper limit is potentially recoverable). If the world were to 
use energy at a constant rate of 7 x 1 13 kwh per year (as it did in 1 970 4 ), and if all of this energy were obtained from fossil fuels, we would 
use up alt of our fossil fuels in less than 10 5 years, a period small compared either to the creation time of these fuels or to man's time on 
earth. If. instead of a constant rate, the demand on our fossil fuels grew exponentially at the fixed predicted increase rate of 8.75% per 
year 4 , these fuels would be gone in less than 1 06 years. (At the smaller U.S. rate of increase, 3.75% per year, the maximum lifetime of our 
fossil fuels wouid be 224 years). Thus a policy of exponential growth leads to radically different results than a policy of steady withdrawal 
from our fossil energy bank accounts. Even the latter policy must sooner or later be changed, e.g. to a policy of living off solar income. 

The Second Law also implies that as we use up fossil fuels we produce waste heat; this leads to an increase in the earth's temperature T 
which can be estimated using the Stefan-Boltzman radiation law 3 . Our total solar energy income is a= I.56xl0 ,a kwh/year. IfQpjstherate 
at which we burn our fuels, the total rate of heat delivery to theearth is Q *+Q f. This must equal the rate at which energy is radiated from the 
earth. At a constant rate of increase of 8.75% per year, Q f=5,6 x 10 15 kwh per year in 50 years, 4.4 x 10" kwh/year in 100 years. Thus in 50 
years we would expect a temperature increase of only 0.025°C. But at the end of 100 years the earth's average temperature would have 
gone up by 15°C, certainly enough to melt much of the polar ice caps and flood much of the earth's cities and plains. 

Also accompanying our use of fossil fuels is the depletion of our free oxygen and an increase in the carbon dioxide content of the 
atmosphere with its accompanying greenhouse effect*. Finally, the Second Law tells us that as we use up our resources and pollute our 
environment we raise our entropy. We will then have to use more and more energy to repair these damages - to decrease our entropy. 

In the usual physics classroom, these laws of thermodynamics are presented as straight physics. Local problems, e.g., heat engines, or 
refrigerator efficencies, may be assigned, but seldom is any effort made to look at universal human problems. Raising the moral 
implications of these laws is to make them "relevant" to today's students, so gaining their attention and easing the tasks of teaching. The 
meaningfulness of the subject should enhance its catching and staying power in the students 1 minds. When we couple the desire to 
"know" with the desire to "use, we are fully exploring the science we endeavor to teach. 

Should this converse relation, between science and ethics, be taught in non-science classrooms, e.g., economics and political science? 
Such students are being taught to make the practical decisions of society, decisions made on a "cost-benefit" basis where both cost and 
benefit are expressed in monetary terms. But money is not an absolute quantity - in these inflationary times, its "value" is constantly 
changing. Money is just apromise to provide goods and services and there is no limit to the promises we may make each other. But there is 
a limit, based upon the availability of energy and resoruces, to the promises we can keep. The difference between promises made and 
promises kept is a major cause of inflation*. Realistic priority setting, both private and social, should be based upon measures of value 
which are themselves not changed by the decision. Energy is such a measure of value and hence energy expenditure is a better measure 
of cost than is money. Energy expenditures are governed by the Law of Thermodynamics and so it follows that these laws and their ethical 
consequences should be taught to non-scientists also. 

The basic question of ethics is "how do we divide up the world" between people and generations, where by "world" we mean a great deal 
more than just the physical world is an importantdeterminant of themorecomplete' t world M and that our knowledge of the former must be 
brought to bear on any discussions of the latter. Until .politicians, economists, business men, churchmen, and other determiners of our 
social ethos are more familiar with the results of science, scientists must bring ethics into their classrooms and must their classrooms to 
all students. 
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28.2 

THE ECONOMIC ISSUES OF THE ENERGY CRISIS 

Lawrence C, Wolken 
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Center for Education and Research in Free Enterprise 

Texas A&M University, College Station, Texas 77843 

Abstract 

This paper focuses on the importance of including economic issues in energy education programs. The OPEC oil embargo in 1973 
brought the world's attention to the energy crisis. America responded to the crisis with government controls and conservation programs. 
The consequences of these policies are easily understood when basic economic principles are considered. 

Introduction 

In the fall of 1973, the Organization of Petroleum Exporting Countries (OPEC) imposed an embargo on shipments of oil to many of the 
industrialized nations of the world. The increases in the price of crude oil which resulted substantially raised the cost of energy. Suddenly, 
the world became aware of what has come to be known as THE ENERGY CRISIS. 

The Club of Rome's warnings about "limits to growth" became a painfui reality to people around the world, The future looked bleak. It 
seemed that the Earth's finite resources could no longer support man's insatiable desire to achieve an ever higher level of affluence. 
People were told that conservation was the only way out of this dilemma. 

And, yet, the American people did not seem to be responding properly to this national crisis. When asked, many Americans responded 
that they did not believe the crisis was real. The question of the day became, "How can people be convinced to conserve energy so the 
comfortable life style of our technological society can be maintained?" The answer lies, to a large extent, in a better understanding of the 
economic principles involved in the energy crisis. 

America's response to the crisis 

In the United States, the immediate reaction to the oil embargo was to turn to government control rather than allow themarket system to 
operate. The groundwork for such an approach had been laid in 1971 when President Nixon imposed price controls on most products, 
including gasoline, in an effort to fight inflation. When OPEC's embargo hit, the controls on petroleum products were extended, even 
though they were being eliminated from all other products. The Federal Energy Administration Act of 1974 created the Federal Energy 
Administration (FEA) and gave it authority to allocate fuel and regulate prices. This was done in an effort to protect consumers from rising 
gasoline prices. This was soon follwed by the Energy Policy and Conservation Act of 1975, which expanded the government's role in the 
nation's energy industry. In addition, it also provided for the decontrol of crude oil prices within 39 months. However, when the time came 
for decontrol to become a reality, many Americans feared that the oil companies wou Id receive excessively high profits at the expense of 
consumers. The nation's answer to this supposed injustice was the windfall profits tax. 

What was happening in the economy during this time? On several occasions, gasoline shortages occurred. While the American people 
spent many hours in long lines, various forms of rationing were tried. At first, gas stations closed on weekends or whenever their monthly 
allocation was exhausted. Some states tried odd-even rationing. Finally, in 1980 the President was given the authority to implement a 
national gas rationing plan in the event of a severe shortage. 

Did the problems of the 70s occur because of a lack of effort to get the American people to conserve energy? No. The federal government 
took direct action to get people to practice conservation— the speed limit was lowered to 55 mph, regulations were passed concerning 
thermostat settings, new cars were required to attain ever higher mpg ratings, and tax credits were given for insulating one's home. On the 
local level, cities tried various methods of encouraging people to carpooi. Los Angeles, for example, reserved one lane of its freeways 
during rush-hour traffic for cars with three or more passengers. However, this experiment did not last long because few people took 
advantage of the "carpooi" lane. In addition to these direct approaches, much time and effort was spent on advertisements, booklets, and 
programs designed to show people various ways they could conserve energy, Unfortunately, most of these efforts fell short of the 
expectations of those who planned them. Why didn't Americans make the effort to conserve energy in the face of this national crisis? 

Basis econoic principles 

Economics has a great deal to say about what has occurred since 1973. As a science, it cannot determine if a particular response to the 
energy crisis is good or bad, right or wrong. It can only help shed some light on what to expect when a certain policy is pursued. Knowing 
what is likely to occur, it is then up to each individual to decide which approach to our energy problems is best 

One of the simplest and most powerful tools of the economist is a supply and demand diagram, it can used as an effective educational aid 
to help students understand the economic implications of various energy policies. In using this diagram it makes little difference what 
product or industry is being examined. The basic economic principles remain the same. Since most students are familiar with gasoline, a 
hypothetical situation in this industry can be used to show that, for the most part, the actions of Americans during the 1970s was what 
economists would expect. 

A diagram shows that the demand curve is downward sloping, reflecting theobservation that as the priceof an item declines, people want 
more of it. The supply curve indicates that as the price of an item rises, producers are witling to supply more of it. In this diagram, 
equilibrium occurs at a price of $2,00 per gallon. (The actual numbers and units used here are hypothetical and are irrelevant to the basic 
analysis involved. What is important are the basic economic principles involved.) At the price, consumers want 300 gallons and producers 
are willing to supply 300 gallons. At a price of $2.00, then, there are no forces working to either increase or decrease the price of gasoline. 

Suppose the government decides to protect the consumer from high prices by setting $1 .00 as the maximum price which can be charged 
for a gallon of gasoline. There are two important implications of this action. First of ail, consumers want to purchase more gasoline than 
they did at $2.00 per gallon. They now want 375 gallons. Secondly, producers are not as eager to supply gasoline. They will produce only 
200 gallons. At a price of $1,00, then, a shortage of 175 gallons would exist. 
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In the market place, price piays a very important role in determining the allocation of scarce resources. It acts as a signal to both the 
buyers and the sellers. When the 1 price is low, it tells consumers that the item is plentiful relative to the demand for it and encourgages then 
to use more of it. A rising price signals that thesupply is becoming morescarce relative todemandand encourages peopletouse the item 
for only its most valuable uses. Low prices discourage producers from supplying much of the item, while higher prices encourage 
increased investments and higher levels of production, 

This simple observation helps explain much of what happened in America after the 1973 oil embargo. Regulating prices to protect 
consumers actually encouraged them to consume more gasoline while at the same time it discouraged domestic producers from making 
more gasoline. Americans did not believe the energy crisis was real, in part because the low prices they saw in the market place indicated 
that gasoline was plentiful, By discouraging the domestic production of crude oil, American became increasingly more dependent on 
foreign oil. The long lines experienced at gas stations were the real world counterpart of the 175 gallon shortage in thesimple supply and 
demand diagram, The various rationing plans proposed were simply different methods of trying to deal with this shortage, 

How do economists view energy conservation and the wise use of limited resources? The diagram above has something important to say 
about that, too. If the price of gasoline were allowed to rise to the market equilibrium price of $2.00 two things would occur. First, 
consumers would reduce their consumption of gasoline, using it only for its most valuable purposes. The higher price will provide an 
incentive for people to conserve this scarce natural resource. Second, it will tend to encourage oil production, thus reducing America's 
dependence on foreign oil. 8oth of these factors work toward eliminating the shortage which would occur at the price ceiling of S1. 00 and 
thus reduce the need for some type of rationing plan. The higher price will, in essence, ration the scarce resource to its most important 
uses, 

A third issue becomes important here. Through much of the 70s there was a great deal of discussion concerning the development of 
alternative energy soruces — synthetic fuel, gasohol, nuclear, geothermal, and solar power. As long as the price of gasoline (and natural 
gas) are kept artificially low, there is little or no economic incentive to make the large investments and undergo the tremendous risks 
which the development of these alternative energy sources represent. If the price of current energy sources are allowed to rise, these 
alternatives will become economically feasible. Only then will the full force of economic incentives help solve the current energy crisis. 

History provides an example of how the economic principles discussed above operated in a previous energy crisis. During the eighteenth 
and early nineteenth centuries, whale oil was a widely used lubricant and the major source of illumination in America. As the demand for 
this product increased, the rising price encouraged the investment necessary to build the larger ships needed for deep water whaling near 
the Arctic Circle. By the middle of the nineteenth century, the American whaling fleet averaged 600 ships or approximately 12% of the 
non-agricultural workforce and represented an investment estimated at $70 million. As the price per gailon rose from 88c in 1 846 to $2.55 
in 1866, peopfe sought ways to reduce their use of whale oil and began searching forsubstitues, mainly coal oil and petroleum. As these 
alternative energy sources began to be harnessed for practical use, the demand for whale oil declined. By 1886, the price of whale oil had" 
fallen to 74c per gallon and American's whaling fleet declined to 70 ships by the end of the century. This transition from whale oil to 
alternative energy sources relied mainly on market forces rather than government control. 

Conclusions for energy education programs 

Part of America's response to the energy crisis has been the creation of a wide variety of energy education programs. Detailing the history 
of the energy crisis, emphasizing the need for conservation, describing altenative energy sources, and teaching students various 
techniques for conserving energy are certainly important parts of these programs. However, these subjects merely teach students how to 
make the current situation a little more tolerable. They say nothing about the potential effectiveness or implications of the various energy 
policies available to us. If the goal of education programs is to help students solve the energy crisis, then they must include discussions of 
the economic issues involved. 

Education programs must go beyond simply observing that energy costs are rising, that the economies of most nations have been 
adversely affected by increased energy costs, and that people are unemployed as a consequence of the crisis. They must look into both 
the advantages and the disadvantages of allowing the market to operate verus relying on government pianningand control. What types of 
programs has the Department of Energy (DOE) pursued? Have these programs helped or hindered efforts to solve the energy crisis, to 
shift to alternative energy sources? How profitable is the oil industry? Even though its nominal price has steadily risen, what has 
happened to the real price of gasoline? Should oil companies be allowed to develop alternative energy sources? Is the windfall profits tax 
really a tax on profits or simply an excise tax? What role does risk play in investment? How responsive is the demand for gasoline to 
changes in its price? A simple diagram like the one above can go a long way in heiping students understand the economic principles 
involved in many of these questions. 

A program which includes these economic issues will assist students in determining for themselves if a particular policy wil! help or 
hinder efforts to conserve energy, whether it will stimulate or discourage the development of alternative energy sources. Then, and only 
then, will energy education programs make a positive contribution toward solving the energy crisis. 
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Introduction 

The Reagan energy program was announced in an executive order on January 28, 1981, Its principal provisions included (1 ) immediate 
decontrol of oil and gasoline prices (2) ending the gasoline allocation and refinery entitlements programs (3) reducing federal financial 
aid to synthetic fuels projects (4) reducing federal support for conservation and, (5) opening more public lands and acelerating the pace 
of offshore oil exploration. One special feature of the program is the emphasis upon greater reliance upon the market price system 
instead of government bureaucratic direction in the energy field. The focus of this paper is to review the main provisions of the program 
with particular emphasis on petroleum using some of the basic concepts of macro and micro economics. 

The Setting: Macroeconomics and Oil Shocks w 

Professor Walter W. Heller, former Chairman of the Council of Economic Advisers has said that a supply debacle in the nineteen eighties 
is not inconceivable. 'The potential supply debacle basically boils down to one word: oil. A major sustained cut-off of Mid-East oil could 
for a time plunge us into a supply-side depression." 1 Large and persistent disruptions could badly damage the nation's productive 
capabilities. 2 

The United States has experienced oil price shocks since 1973. The direct cause has been oil price increases; these increased sixfold 
between 1973 and 1980. The shock can also be measured by measuring the ratio of oil imports to GN P. This increased from less than '<? of 
1 per cent in the early 1970s to almost 4 per cent in the 1980s. The Arab oil embargo of 1973 and the Iranian oil cut-off of 1979 were of 
course the underlying causes of these price changes. When one considers that our total oil import bill is now equal to the entire corporate 
income tax revenue it becomes apparent that a sum of this magniture cannot avoid having major macroeconomic repercussions, 3 Oil 
imports from the Organization for Petroleum Exporting Countries (O.P.E.C.) represent an oil tax or drag for the economy. This tax 
siphoned off an extra $30 billion net in 1980, an amount that will probably double in 1984. 4 This has deflationary effects on the nation's 
economy because at the margin one dollar spent by us for oil will return $.50 at most Demand is thus diverted away from our markets, This 
is why an energy program that can reduce our oil imports has significance in terms of improving our trade balance. 5 

Another important macro-economic effect of rising oil prices is that it intensifies the public's expectations of future higher energy prices, 
in turn this only hardens wage demands among workers and professionals and intensifies cost pressures that underly wage and price 
inflation. 

Prive System vs. U.S. Price Controls 

Michael T. Halbouty, the chief architect of the Administration's energy program says that the keystone of the program must be the free 
market system. 6 This means allowing the domestic price of oil to rise to the level set by the Organization of Petroleum Exporting 
Countries. This is a group of countries that has succeeded in organizing a pricefixing and market-sharing arrangement. According to 
Professor Milton Friedman, the quadrupling of the price of oil in 1973 by the oil cartel transmitted essentially the message that OPEC now 
had these ability to fix prices and allocate markets/ However price controls on oil and other forms of energy by the U.S. government in 
their turn prevented information about the effect of the OPEC cartel from being transmitted accurately to users of petroleum. The effect 
was to strengthen the OPEC cartel by preventing a higher price from encouraging Americans to economize on the use of oil. It also 
required the introduction of large command elements in the United States in order to allocate the scarce supply. The Department of 
Energy's 1979 budget was about $10 billion and it employed 20,000 people. 8 

Professor Friedman's views on distortions of the price system are accepted by many people in the business community and the energy 
industry. But does decontrol now mean that the oil prices set by OPEC countries will now enable American consumers and industry to 
make better decisions in spending money for gasoline, heating oil and energy for industrial use? The Administration's energy advisers 
would answer affirmatively to this question and so would the oil companies. The latter felt hedged in when the gasoline allocations 
programs was in effect. Instead of being able to makedecisions on gasoline allocations on the basis of marketconditions they felt that the 
government's complex system of rules made it difficult for them to avoid creating regional shortages, This program was established in 
1974 after the Arab oil embargo because it was feared that during a future shortage the oil companies would use their power to eliminate 
market competition by denying gasoline to private brand dealers. 

From a free-market perspective the allocations program represented the substitution ot command economy elements for a market price 
mechanism that would be more responsive and sensitive to such factors as population shifts* changing market preferences and 
numerous other market variables, 9 The allocations program never was satisfactory and its inherent weaknesses were especially 
noticeable during the Iranian oil cut-off. 

Refinery entitlements also ended with decontrols, which was inevitable since it too substituted bureaucratic rulings for market forces. 
Large refiners able to buy domestic price-controlled oil were required to subsidize other refiners dependent on high price foreign oil. This 
would equalize costs of oil to all refiners as part of an effort to hold down oil prices. The large refiners-representing the large oil 
companies complained that the subsidies they paid were helping to sustain a large number of inefficient refineries. Survival was not even 
related to economic efficiency or the ability to adapt to changing market conditions. 10 Consequently the gasoline allocations system and 
the refinery subsidies were bound to end once bureaucratic rulings were replaced by a market place philosophy. 

The Decontrol Debate 

The debate over whether or not to decontrol oil prices has been going on ever since 1971 , since oil has been under one form or another of 
price control since then. The advocates of decontrol have presented the following types of arguments: (1 ) it would avoid oil shortages (2) 
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it would create incentives to discover new oil supplies (3) it would reduce oil imports and encourage energy conservation {4) it would let 
oil prices more closely reflect the true costs of this resource. In the Harvard energy study, Energy Future, the microeconomic concept of 
externalities or social costs induced by higher imports are given considerable attention. These are costs not borne by individual oil 
consumers because they aren't included in market prices. Included in these externalities are such conditions as slower national 
economic growth and international political tensions.' 1 

The proponents of controlled prices have asked whether higher prices will not penalize certain low income groups in the population 
relative to more affluent ones. 12 They also ask whether energy poor regions such as New England are not going to suffer relative to the 
more energy affluent ones.' 3 They also believe that decontrol is just another windfall gain to the rich and powerful oil companies whose 
chances of finding more oil are no better with these extra profits than without them. There is also the belief that decontrol implicitly 
sanctions unrealistic price increases among the OPEC producers. \i those countries know that the U.S. will let its domestic oil prices rise 
to the "world level", then who is to say what that level should be? Since neither the Administration nor the multinational oil companies can 
prevent pricing disunity within OPEC, it is inevitable that world oil prices will rise, especially when the temporary world surplus begins to 
diminish. 

Decontrol, Conservation and Oil Production 

Mr. Halbouty recently said "I don't want to leave the impression that conservation measures are not important. They are important.. .but 
production is the main key to supply our energy needs.'* 14 As recent experience shows, the cumulative impact of higheroif prices (through 
OPEC and decontrol) via the price mechanism has already proved quite effective in conserving energy. Imports have fallen from 9 to 6 
million barrels a day. On this point it is noteworthy that both the Ford Foundation report of 1974 and the Harvard Business School's 
Energy Future study both undervalued the ability of the market place to stimulate conservation and overvalued government policies,' 5 

However there are uncertainties about the current conservation trend. It is conceivable that it may begin to weaken if the economy's 
growth picks up and encourages greater energy demand. It is ironical that conservation could actually be threatened by having more 
moderate price increases instead of the kind that tend to shock the economic system. 

The microeconomic concept of price elasticity of demand measures the relative responsiveness of consumers to relative changes in 
price, Applying this to conservation, we find that the short run elasticity coefficient for gasoline is about 0.1 while the long run value is 
about 1,5.'* The difference can be explained on the basis of a fixed stock of energy using equipment in the short run with fixed fuel 
efficiency characteristics. Both of these can change in the long run. Two alternatives to higher gasoline prices are fuel taxes and taxes on 
the efficiency of cars. The second of these is preferred because it avoids large income transfers and still reduces fuel consumption.'* 

While higher oil prices have tended to slow down oil imports it is not clear at all whether they will result in significant new discoveries of oil. 
The possibility does exist but America's petroleum history provides precious little evidence for the proposition that discovery is a function 
of price. If there is a relationship, it seems to be an inverse one. When some of this country's greatest oil finds were made in East Texas in 
the early nineteen thirties, the price of oil reached its all time low. When import quotas artificially boosted the domestic price of oil during 
the years 1959-1972, the discovery of new oil fell below the rate of the preceding decade." 1 We also know that price increases since 1973 
have been accompained by a steady decline in new oil discoveries. In 1980 alone, Exxon, Gulf, Sohio and Texaco all found less energy 
than they produced.'* 

Producers' and Consumers' Surplus 

The economic concept of "producers' surplus" is defined as "the difference between the amount actually received by the producers and 
the minimum amount necessary to bring forth the relevant output." 20 In the case of developing new reserves in high-cost regions, the 
costs of exploration are, according to the Wail Street Journal, going to outstrip even the oil industry's swollen earnings, 21 Historically 
these have been ploughed back into exploration. So the prospects are that there will be no producers' surplus for most companies in the 
near future. This type of surplus would accrue to oil producers for low-cost oil found may years ago. 

On the demand or consumer side there is the concept of "consumers' surplus" which represents the difference between the amount 
buyers are willing to pay and the amount they actually pay/'" This idea is usually linked to monopoly pricing with the implication that 
such market pricing causes a loss to consumers in money or utility terms. In this context its application would be to determine if decontrol 
will cause greater losses of consumer surplus for some families than others. Decontrol raises the issue of a possible conflict between the 
goals of increased energy supply and income equity. Separate policies can be designed to address each of these. 33 

Offshore and Public Lands Development 

It is expected that leases will be offered to open the development of offshore California together with public lands in Alaska. The private 
market profitability of these ventures would tend to consider only private benefits and costs, Environmental costs would tend to be 
ignored. 2 * By focusing on private benefits and costs there is a risk of establishing an irrational order of priority that will have effects on 
"third parties"— people who are not parties to the oil exploration and development venture, When third parties have had involuntary 
losses [mposed upon them, refer to this as an example of "market failure". 35 

P rofessor Milton Friedman says that government is one means through which we can try to compensate for market failure so that we use 
our resources more effectively to produce the amount of clean air, water and land that we are willing to pay for. 26 Although he is willing to 
admit that government has a role to play, he points out that attempts to use "government to correct market failure have often simply 
substituted government faiiure for market failure." His summary statement is that the "imperfect market may. after all, do as well or better 
than the imperfect government." 27 

Synthetic Fuels 

Fuel from tar sands, coal and shale make a great deal of sense if the production of synthetic fuel is cheaper than alternatives, taking 
account of private and environmental costs. Congress began an $88 billion program in 1980. establishing the U.S. Synthetic Fuels 
Corporation to spur commercial synfuels plants through a combination of government loan guarantees and purchase contracts. The 
Administration's objectives in this area appear to be that of keeping the synfuels effort alive but under the control of the oil companies. 
This would eventually eliminate subsidies, which as noted earlier, was one of the main objections of the Administration to the refinery 
entitlements programs. There is a very strong belief in the Department of Energy and the White House that the market is the best 
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mechanism for determining whether synfuels can succeed. If it is cheaper than other fuels, then it will be in the self-interest of private 
companies to exploit this alternative, provided they reap the benefits and bear the costs. From a macroeconomic perspective, thesynfue s 
program has many commendable investment and employment characteristics that would be lost if the program were completely 



terminated 
Conclusion 



The Reagan energy program represents an effort to reduce America's dependence on foreign oil while it expands an energy base that 
would remain essentially invulnerable to politically motivated oil supply disruptions. In order to attain these goals, the program proposes 
to make extensive use of the price mechanism of the market place at the same time that it eliminates a maze of government controls and 
regulations that previously affected the nation's energy corporations. The reai test of the program will be its ability to cope successfuNy 
with a future oil shortage. There are also questions concerning the relationship of decontrol to future efforts to restrain price inflation. The 
basic tools of micro and macro economcis help to illuminate and clarify the provisions of the new program and some of the problems that 
may arise in the future. 
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28.4 

TEACHING ENERGY ETHICS IN A 
COLLEGE LIBERAL LEARNING PROGRAM 

J, Richard Shane brook, Ph.D. 

Mechanical Engineering Department 

Union College 

Schenectady, New York 12308 

Introduction 

Union College is an independent, primarily undergraduate college offering academic programs in the liberal arts and engineering. In 
addition to the course requirements for the major, all Union College undergraduate students are required to complete several courses in 
the Liberal Learning program. These courses are generally outside the major field of interest of the student and are intended to provide 
each student with a broad intellectual background. A key objective of this program is to equip students for future decision-making roles 
that draw on the experience and skills developed through liberal learning. The purpose of this paper is to describe an energy course that 
has been developed for this program and which emphasizes energy ethics. It is noted that this course is open to all Union College 
undergraduate students regardless of their major or year of standing. In addition, there are no prerequisites for the course since all 
background information needed to understand the course material is developed within the course. 

Readings 

The course is based on an extensive set of notes, 1 written by the author, copies of which are provided to each student, The notes present 
ten energy principles dealing with 1.) The direct use of solar energy. 2.) Energy conservation in the home and in the community. 3.) 
adherence to public laws that conserve energy. 4.) Environmental pollution due to energy consumption. 5.) The effect of population 
growth on energy consumption. 6.) The wise use of nonrenewable energy resorces. 7.) The use of renewable energy resources when 
possible. 8.) The use of human muscle power when reasonable and effective. 9.) The elimination of wasteful practices. 10.) The 
importance of sharing energy knowledge and skills with other people. 

Each energy principle is accompanied by a chapter which demonstrates how the individual can alleviate problems associated with energy 
shortages. Materials presented that deal with the ethical use of energy resources include the following: 

a.) The first chapter deals with how the individual can make direct use of the sun's energy in supplying the basic human needs of warm 
water, comfortable buildings, dry clothing, and pure water. Many of these solarapplications are very simple and involve only an individual 
commitment to use the warming rays of the sun to advantage. Examples of these measures include opening and closing window shades 
for warmth and light control, and using the sun to dry clothing. Other direct uses of the sun's energy require more planning and/or 
technology in order to better utilize solar energy. For example, when building or buying a home, consideration should be given to the 
amount of window space on the south wall of the house (for homes in the Northern Hemisphere) as well as the use of roof-top solar 
collectors for heating water and/or air. 

b.) A major consideration in the chapter on energy conservation is the development of a personal energy conservation ethic. It has been 
stated that such an ethic is a conscious effort on the part of an individual to think in terms of wise and efficient use of energy whenever 
consuming energy resources. For example, before purchasing any product, a consumer should consider the following questions 
regarding the particular product in question: 2 

1. Do t really need it to be happy? 

2. What could be used as a substitute or alternative? 

3. Will buying it promote a more materialistic lifestyle? 

4. is it expensive, yet efficient, in terms of total cost? 

5. How long will it last? 

6. Can it be recycled? 

7. What resources are in it? 

8. Are the energy resources scarce or nonrenewable? 

9. From what countries do the resources come? 

10. Are there other resources which couid be used to make it? 

11. Did its production result in significant environmental/ecological damage? 

12. Will its use result in significant environmental/ecological damage? 

c.) The third energy principle is concerned with the responsibility of all citizens to adhere to the prevailing laws of the land that seek to 
conserve energy resources. That is, in times of crises, such as those imposed by severe shortages, governments are forced to enact laws 
for the common good of the public. The basic message here is that for any energy conservation regulation to succeed in being equitable 
and effective, it is necessary that all citizens cooperate in its implementation. For it is only by individual citizens working together towards 
a common goal that any nation can hope to ovecome adversity. As an example, it was the 1973-74 Arab oil embrgo that ted the United 
States Government to enact the Emergency Hfghway Energy Conservation Act of 1974. This law has been effective in conserving motor 
vehicle fuels on ail American highways by lowering the maximum allowable speed limit to 55 miles per hour. However, ever since its 
enactment, this taw has been the subject of much controversy with compliance being a problem. It has been reported that as many as 88 
percent of all passenger autombiles exceed the 55 mites per hour speed limit on the New York State Thruway.- 1 

d.) The purpose of the fourth principle is to acquaint the individual with the environmental consequences of energy consumption. For 
example, It is estimated that approximately 60 percent of all air pollution is related to the use of energy. It is emphasized that one way to 
reduce environmental pollution is to use less of those energy forms that pollute our environment. This leads to a discussion of the 
environmental effects of electrical power plants and motor vehicles which is organized as follows: 

I.) Enviromental Effects of Coal When Used as a Fuel for Electric Power Plants. This section discusses air pollution due to coal 

burning and the environmental consequences of coal mining. 
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II.) Environmental Effects of Uranium When Used as a Fuel for Electric Power Plants. This section discusses the risks associated 
with the operation of nuclear power plants due to accidents, radioactive waste disposal, and acts of terrorism and war, 
III.) Environmental Pollution Due to Motor Vehicles. This discussion covers the types of exhaust emissions from motor vehicles 
and steps that can be taken by individuals to minimize these emissions. 

e.) The fifth energy priciple is concerned with the effect that population growth has on the world demand forenergy. That is, the future of 
mankind on earth is largely dependent on two factors: world population and energy supply. As world population continues to increase, 
many problems arise due to the additional demand for the limited energy resources of the earth such as the threat of armed conflict and 
nuclear war, severe environmental pollution, continued inflation, and increased fami ne. This topic concludes with a discussion of how the 
individual can help to alleviate the problem of world population growth. 

f ) The sixth energy principle is concerned with the precious nature of the world's nonrenewable energy resources. The basic message is 
that the world's supply of coal, petroleum, natural gas, and nuclear fuels, is limited and, once consumed, there is absolutely no means of 
replenishing them. It is important, then, to make wise use of these nonrenewable energy resources. The wise use of these resources 
involves a number of considerations, For example, when used as a fuel, it is important to exercise energy conservation techniques such 
that maximum useful energy is extracted from the fuel as it is consumed. Also, each nonrenewable energy resource has its own specific 
advantages and mankind would be wise to take advantage of these qualities. An example isthevaluable nature of petroleum when used in 
the large-scale production of food. That is , modern agriculture has become very dependent on petroleum to power farm machinery and 
to produce fertilizers and insecticides. A.A. Bartlett has summarized this situation by defining modern agriculture as "the use of land to 
convert petroleum into food,"* 

g ) The seventh energy principle deals with the role of renewable energy resources in providing future energy resources for the worid h s 
population It is emphasized that these energy resources are especially important due to their capability to provide humanity with a 
continual supply of energy, provided efforts are made to replenish their stock. The discussion of renewable energy resources includes 
wood energy, wind energy, hydropower and energy from the oceans and space. 

h ) The eighth energy principle views the human body as a solar engine, powered by renewable energy, and capable of performing many 
useful tasks through the generation of muscular power.lt is noted, however, that there are many situations where reliance on human 
power atone is not reasonable or effective, The discussion of human muscular power includes the use of the leg muscles for walking and 
cycling, the cyling mechanism as a source of electrical power, and the potential health benefits to the human body from itsoperation as an 
energy source. 

i ) The basic premise of the ninth energy principle is that virtually every product, whether naturally produced or man-made, requires 
enerqy to produce and therefore should not be wasted. This leads to the concept of a "conserver society" which minimizes wastes of ai 
forms including energy and materials resources. The discussion includes how to recover the energy in solid wastes, the benefits of 
recycling lubricating oiis, and how to obtain useful energy forms from animal and plant wastes, It is emphasized that with citizen 
participation, our society can become a conserver society where the "waste not. want not" ethic is a way of life. 

i ) The tenth and concluding energy principle presented in this course is concerned with the importance of sharing, with other people, our 
knowledge and skills that conserve and effectively use our energy resources. That is, we all have a special responsibility to our present 
and future generations to share with them, not only the finite energy resources of the earth, but also the knowledge and concerns that 
relate to their effective utilization. Topics covered include how the individual can share energy information within the > ocal community 
and on a world-wide scale. The latter topic describes the activities of Volunteers in Technical Assistance (VITA). VITA is a private 
nonprofit development organization devoted to assisting low-income people throughout the world in achieving a higher standard of 
living. Since 1960, VITA has supplied information and assistance to people in more than 100 developing nations on various technical 
problems dealing 'with food production and renewable energy technology. 

A U nuSL S r^ a !Side speakers were invited to speak to the class in order to present expert opinion on various topics pertinent to the 

2 ) An enqineer with the New York State Public Service Commission spoke on several aspects of using nuclear power plants to 
generate electricity in New York State. Topics covered included safety, nuclear waste disposal, fuel reprocessing, decommission- 

ino of nuclear power plants economics, A . t ■ ■* k~*k * 

3? An engineer from the New York State Energy Office spoke on the use of wind machines to generate electncty on both a 

commercial and residential scale, 

Films .' ■ i 

The following films were shown to the class in view of their relevance to the course material. 

1.) "A Conversation with M. King Hubbert". This 16mm film runs for 38 minutes and is available from the Nationa j Audiovisual 
Center. General Services Administration. Washington, D.C. 20409. The film features Dr. M. King Hubbert who sff^olarand 
expert on the fossil fuel resources of the United States. Dr. Hubbert reviews the limited natureof the American fossil fuel supply and 

the impactthat £^ : Se^' ^and "The SL-1 Accident; Phase 3". Both o, these 16mm filmsar* , avaHat, ; . = the 
DOE-TIC Library. P.O. Box 62. Oak Ridge, TN 37830. They run 40 and 57 minutes, respectively. These f'lms d.scr be an accident 
that occurred in 1961 at a small nuclear test reactor in Idaho. Three men lost their lives in th.s accident and * he ™™ a """P "? 
explain the cause of the accident and what was learned from it. There is also an extensive viewing of the clean up process wnicn 
included demolition and earth burial of the reactor building. .„,,. ui-nina mt 

3.) -Energy andMorality".This16mmfiim runsfor33 minutes and is available fromBitterrootf.lms.HammondArcade.Misolua.MT 
59801. Two basic concepts are presented in the film which have been expressed as follows: 5 
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"There is the view {presented by the character of the father and by Joan Bird in her paraphrase of Howard T. 
Odum) that living things tend todevelop patterns that maximize their use of energy and that therefore in human 
societies it is economics that designs ethics. The counter view (presented by Amory Lovins and E.F. Schum- 
acher) is that ethics can, or should, design economics/* 

The film also raises important questions concerning the relationship between the amount of energy consumed by a 
society and the degree of personal freedom, truth, and aggression in that society. Another valuable feature of the film 
is that a Study Guide and Narrative Script is available from Bitterroot Films 9 which assists in reviewing the many ideas 
presents. 

Footnotes 

■J.R. Shanebrook, Notes for the Liberal Learning Course, "Energy I", Union College, Schenectady, New York, U.S.A., Copyright, 1980. 

2 Anon,, "Energy Consevation in the Home' 1 , The University of Tennessee Environment Center, Knoxville, Tennesse, U.S.A., 1977. 

3 C.M. Bruso and J.R. Shanebrook, J. Environ, Systs. 8, 13 (1978-79). 

J A.A. Bartlett. Am. J. Physics 46, 876 (1978). 

*Anon., Literature describing the film, "Energy and Morality". Bitterroot Films, Hammond Arcade, Missoula, MT 59801. 
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Abstract 

Most if not ail of the numerous recent books and articles on "Energy" use a strictly pragmatic-practical approach while a similar number 
of books and articles on the "New Physics" are presented from a highly speculative-theorectical perspective. In fact, the "New Physics 
and Cosmology" appear to have stimulated a "Science Craze" reflected by the publication and success of more than half-a-dozen new 
popular science periodicals. Newtonian concepts deeply rooted in our common-sense like absolute space and time, classical determi- 
nism, and the existence of eternal, unchanging paricles of matter had to be abandoned; instead, we have now an expanding Universe with 
a beginning in time, the uncertainty of relations of quantum mechanics, and particles materializing and dematerializing out of or into 
"empty" space, Naturally, the classical energy concept and the two related principles of thermodynamics - energy conservation and 
entropy increase - have undergone related revisions. Is it legitimate to ignore these new perspectives in energy education, and if no. how 
and to what extent should they be taken into consideration? Could they have some practical implications? An attempt will be made to 
answer these questions. 

Introduction 

We are inclined to take "energy" for granted, and we are usually quite sure that we understand fully what the concept of "energy" means 
and implies - after all, a substantial percentage of our income pays for our use of "energy" in various forms. But when we read about the 
slow emergence of the energy concept in history, or when we try to apply it to the universe as awhoie, we realize that there are problems 
and unanswered, or, perhaps, unanswerable questions, After all, mechanical and heat engines had been used widely since the early 18th 
century while the theory of such engines based on the concepts of energy and entropy, had only been formulated around the middle of 
the 19th century, and it took another 30 years until use of the word "energy" became widely and definitely accepted during the 1 880's. This 
was only about one hundred years ago - the same decade when Heinrich Hertz in Germany discovered that electromagnetic waves were 
the carriers of a new form of energy - the energy of electromagnetic radiation. 

How much attention should be devoted to historical, cosmological, and global aspects' of energy in energy education? This will, of 
course, depend upon the type of course being taught, but it would certainly seem advisable to devote some time to such topics in courses 
of an academic nature. Related topics are nowadays not infrequently discussed in popular science periodicals now on display on almost 
every newsstand, and in various popular books, Sagan's "Cosmos" - book touching upon a number of related topics - reached a record 34 
weeks on the non-fiction best-seller lists. But we can find strong arguments for such an approach already in one of the classics in the 
history of the energy concept, i.e., Mach's "Conservation of Work" published in 1872, Mach is the scientist-philosopher getting credit for 
the principle carrying his name, a principle linking the inerttal masses of material particles to the overall distribution of masses in the 
universe - a principle accepted by Einstein as one of the cornerstones for his "General Theory of Relativity". 

Mach suggests in his essay: "In science education there are two methods enabling us to cope with reality; either one takes the puzzles and 
riddles encountered in science for granted and learns to live with them, or one tries to gain a deeper understanding; but this is usually only 
possible if one follows their historical development. Unfortunately, it is quite customary in science education to present fundamental 
theorems in a way as if they were self-evident although frequently theirformulation required mental struggles lasting thousands of years. 
There is only one way to real understanding: a study of the history of the problem." 1 

History of the Energy Concept 

What are the roots of the "Principle of Conservation of Energy" which plays such a fundamental role in modern science? We are usually 
inclined to look for them in Newton's mechanics, but surprisingly, Newton himself was not at all interested in any kind of "conservation 
principles", His "clockwork" worked perfectly without them. The first scientist writing about such a principle was apparently Descartes 
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whose main contribution to science was his analytical geometry. In his "Principles of Philosophy" (1644) he writes: "Now that we have 
examined the nature of motion, we come to consider its cause... As for the first cause, it seems to me evident that it is nothing other than 
God Who... created matter with motion and rest in its parts, and Who thereafter conserves in the Universe by His ordinary operations as 
much of motion and of rest as He put in it in the first creation... He conserves continually in this matter an equal quantity of motion." 2 

But what Descartes had called "quantity of motion" is not energy but what we call "momentum - the product of mass times velocity". The 
correct identification of kinetic energy (Vbmv 2 ) as a conserved qualtity had been first achieved by the German scientist-philosopher 
Leibniz in a paper with a title of unusual length part of which reads: "...the Memorable Error of Descartes.. .Concerning the Natural Law 
According to Which They Claim that the Same Quantity of Motion is Always Conserved by God...", but Leibniz calls his new quantity not 
energy but "Vis Viva - Living Force". This paper 3 was published in thesame year, 1 686, as Newton's famous "Principia", But thederivation 
of the familiar conclusion "the sum of potential and kinetic energy is constant" from Newton's equations of motion was apparently first 
given by L. Euier in 1752 - a Swiss born scientist who spent most of his life in theservice of theRussian czar. Still, the word "energy" is not 
used in any of these early papers, but even in the mathematically sophisticated formulation of Newton's mechanics by the French 
mathematician Lagrange published in 1811 - in all these writings energy is still "Vis Viva". 

Oddly, we do find the world "energy" used in an almost modern sense in some non-scientific early writings. "Energy" is a Greek word 
meaning usually "action" or "driving power", but in an essay on "Energy and Feeling " believed to be written by the heilenistic-egyptian 
philosopher Hermes Trismegistos probably during the second century A.D,, we read: "Energies, though in themselves incorporeal, are in 
bodies, and act through bodies... Things once called into being for some purpose or some cause.. .can never stay inactive of their proper 
energy. If bodies are on earth, they aresubject to dissolution but must serve as placesand organs for the energies. The energies, however, 
are immortal, and the immortal is eternally bodymaking, it is energy". 4 This sounds like a prophetic vision of Einstein's mass-energy 
relation. 

Another intriguing use of the word "energy" with some modern implications can be found in William Blake's "Marriage of Heaven and 
Hell," one of his so called prophetic poems written in 1973 5 ; "Without Contraries is no progression. Attraction and Repulsion. Reason and 
Energy, Love and Hate, are necessary to Human existence. From these contraries spring what the religious call Good and Evil. Good is the 
passive that obeys Reason. Evil is the active springing from Energy, Good is Heaven. Evil is Hell." 

But the "Voice of the Devil" has something else to say: "Energy is the only life, and is from the Body; and Reason is the bound oroutward 
circumference of Energy. Energy is Eternal Delight" This last sentence has been frequently quoted out of context. It makes a challenging 
class exercise to ask students to interpret this poem from a modern perspective, 

Where and when does the word "energy" make its first appearance in the scientific literature? Apparently in a lecture of T. Young 6 
published in 1845 where he says: "The term energy may be applied, with great propriety, to the product of the mass or weight of a-body, 
into the square of the number expressing its velocity... This product has been denominated the living or ascending force (vis viva) , since 
the height of the body's vertical ascent is in proportion to it; and some have considered it as the true measure of the quantity of motion; but 
althogh this opinion has been universally rejected, yet the force this estimated well deserves a distinct denomination." Still, Young's 
introduction of the word "energy" did not immediately catch on, although decades earlier J, L. Lagrange in 1 81 1 and W.R, Hamilton during 
the1830's had given Newtonian mechanics highly sophisticated mathematical formulations, and introduced mathematical symbols for 
various energy fuctions, T for kinetic energy, U orV for potential energy- Hamilton callsitforcefunction-L 3 =T-V l H = T^V, etc, .without 
using the word "energy". Hence, it is a surprise to most of us to learn that conventional notation for some forms of mechanical energy 
predates the use of the word "energy" by several decades. 

The first papers extending the concept of what we now call energy from mechanics to other fields of physics, primarily to heat, electricity, 
and magnetism, and pointing out. in particular, the equivalence of mechanical and heat energy, were written by R.J. Mayer in Germany 
and J. P. Joule in England in 1842. Both papers were rejected by the editors of the leading scientific periodicals in the the two countries as 
nonsensical although their contents proved to be quite correct from the perspective of a decade later. A paper developing the same ideas 
in greater detail was eventually submitted by a scientist-physician of established reputation, H. vonHelmholtz, to the Berlin Academy of 
Science in 1847, and accepted. Traditionally, this is the paper quoted as introducing the "Principle of Conservation of Energy". Then why 
did Helmholtz still use thetitle"On the Conservation of Force"(Kraft in German)? His presentation does distinguish clearly between force 
and energy in the mathematical formalism - so why not in the use of words? Elkana, the author of an excellent book on "The Discovery of 
the Conservation of Energy" comments:' "The answer simply is that he (Helmholtz) was not aware that there had ever been any 
confusion. In creating a new concept one has to think in, or work with, a set of other concepts: the locial connection between these two 
sets cannot be formulated in the same conceptual framework, but outside or beyond it." Similarly, Mayer had used the word "Kraft" and 
Joule "Vis Viva" of "Mechanical Power" where we would now use the word " energy". 

The word "energy" was finally introduced in away welt defined for use in science and technology by W.J .M.Rankine.aScottish engineer, 
in a paper "On the General Law of the Transformation of Energy" 8 published in 1853. It starts with the statement: "In this investigation the 
term energy is used to comprehend every affection of substances which constitutes or is commensurable with a power of producing 
change in opposition to resistance, and includes ordinary motion and mechanical power, chemical action, heat, light, electricity. 
magnetism, and hall the other powers, known or unknown, which are convertible or commensurable with these. All conceivable forms of 
energy may be distinguished into two kinds; actual or sensible, and potential or latent... The object of the present paper is to fi nd the I aw of 
the transformation of energy, according to which all transformation of energy between actual and potential states take place." "Actual 
energy", aphrase rarely used today, comprehends a variety of forms ofenergy, kinetic, thermal, chemical, radiative, etc., while" potential" 
is used in the same sense as in modern scientific literature. The now so commonly used phrase "kinetic energy" makes it appearance in 
Kelvin's writings only in 1871, 

Rankine does quote some of the early work of Kelvin and Clausius. and presents not only the "First Law of Thermodynamics", the "Law of 
Conservation of Energy", but aiso a version of the "Second Law" which he calls the "Law of the Efficiency of Machines". In fact, in 1 852, 
Kelvin, then still W. Thomson, had published a paper "On the Dynamical Theory of Heat" 9 - later called 'thermodynamics 1 .- in which he 
acknowledges Mayer and Joule's proof of the equivalence between hat and "mechanical work", but does not seem aware of Helmholtz' 
1847 paper. Thomson later became Lord Kelvin, and is best known for his discovery of the absolute zero of temperature at -273.1 50° C 
(-459.67° F) -the absolute temperature is measured in Kelvin degrees (°K). This discovery proved crucial for the later developments of 
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thermodynamics and for the formulation of the "Second Law" But the final formulation of this law and (redefinition of "em ropy 'was only 
given oy Clausius (Germany] in 1865, He concludes his classical paper on entropy with the words: 

First Law: The energy of the Universe if constant. 

Second Law: The entropy of the Universe approaches a miximum. 

Claustus explains hischoiceof the word'entropy' as follows' :"! propose tocall thisquantity'entropy' using aGreexword'trope' meaning 
transformation or transmutation (German: Verwandlung), I have coined the word 'energy' since the two quantities to be defined by these 
words appears appropriate." Ctausius' choice has become standard usage in modern science and technology. Both Kelvin ana Clausius 
did consider the cosmologtcal implications of the entropy concept, but more about this later. Let us first consider briefly the implications 
of the discovery of additional forms of energy, in particular, of the energy present in electromagnetic fields and of the energy carried by 
electromagnetic waves. 

Global Implications of the Energy of Electromagnetic Fields and of Electromagnetic Radiation 

The forms of energy considered during the initial formulation of thermodynamics were usually linked to material bodies or particles. 
Admitedly. the particles were frequently assumed to move in fields, either gravitational or electromagnetic, but these fields were still 
directly linked to mattter, and were not assigned any dynamical properties of their own. but in the same year 1865 when Clausius defined 
'entropy', the Scotish physicist J.C. Maxwell published his famous equations of the electromagnetic field which did give dynamical 
properties to the field itself, Using these equations, Maxwell predicted the existence of electromagnetic waves and ratiation. and 
identified visible light as a particular form of this radiation. The existence of electromagnetic waves was experimentally confirmed by 
Heinrtch Hertz in Germany in 1888. fnspite of being primarily an experimental physicist, Hertz did say: "In talking about Maxwell's 
equations of the electromagnetic field, one cannot escape the feeling that these mathematical formulas have an independent existence 
and intelligence of their own, that they are wiser than we are, wiser even then their discoverers, that we get more out of them than was 
initiaily put into them," 

indeed these same equations were used by Einstein in 1 905 as the starting point of his "Relativity Theory" Experiments had suggested 
that the velocity of light, c = 2.997925 x 10 ,o cm/sec, appearing in Maxwell's equations, had the same value for any observer regardless of 
his relative motion, Hence. Einstein assumed that Maxwell's equations had a broader range of validity than Newton's laws, adapted 
Newton's mechanics to Maxwell's theory, and thus obtained his famous relation E * mc ? . 

Hence, material particles possess an energy of their own, and mass and energy become, in a sense, equivalent. But the frequently 
encountered statement of writers of semi-popular articles or books: "Mass is converted into energy" looks logically questionaoie. 
Energy' as such has no well defined existence of its own, but is always energy of something, and what really happens is the conversion of 
mass-energy into the energy of some form of ratiation. Relativity theory permits a clear distinction between matter and radiation, inspire 
of the fact that Max Planck in 1900 discovered the "quantization" of electromagnetic radiation: when its energy is absorbed or emitted, 
this always happens in multiples of the quantity E » hf where h is Planck's "quantum of action" (6.6262 x 1Q- 27 erg sec), and f is the 
frequency of the electromagnetic wave, i.e., its number of vibration per second. Einstein, also in 1905. postulated that wave packages of 
energy hf are present in electromagnetic radiation itself, and proposed to call them ''photons 1 '. But. contrary to material particles, photons 
can never be observed in a state of relative rest; they do not possess rest mass as particles of matter do, and are always travelling with the 
velocity of light. Later developments suggested that it is impossible to trace the path of a photon between emission and absorption: 
hence, they can not be localized in the sense in which a material particle can be localized - when we do localize them in absorption, they 
cease to exist. 

In the "New Physics", the word "global" is frequently used in opposition to "Local" - one talks about "local" and "global symmetries" In a 
related sense, "global" is used when McLuhan talks about our' world having become a "Global Village" largely because of the widespsread 
use of electromagnetic waves for communication: such waves need only about ' » of a second to circle earth, and a second to reach the 
moon. 

Around the turn of the century the electromagnetic spectrum was gradually extended over a vast range of frequencies from long radio 
waves to hard gamma rays, ranging over nearly 20 powers of 10. At frequencies determined \oy the relation hf mec^ where me is the mass 
of the electron, matter and radiation become somewhat interchangeable- colliding photons can produce electron-positron pairs; the 
corresponding wavelengths are about 100,000 times shorter than the wavelength of visible light -10*° versus lG-*cm. Another limitation of 
the localizability of photons even in interaction with material particles resulted from the joint use of the Planck and Einstein relations m 
the form: hf = mc 2 . Hence, the particles themselves must have a frequency f * mcVh. This led to the conclusion and eventual experimental 
verification of the fact that a particle dualism" led to the derivation of the famous Heisenberg uncertainty relations one of which relates 
time and energy: 

AEAt>h/4 

This implies: If we need a time A t to measure an energy, an uncertainty in the determrnation of the energy A E ) h/4 /& t is 
unavoidable. There is a corresponding uncertainty in the determination of the location of the particle. In 1935. the Japanese physicist 
Yukawa reversed the argument, and concluded that not only observations were subject to such uncertainties, but that they related to the 
workings of nature itself. He interpreted A E now as the allowable deviation from energy conservation during the duration A t of a 
process involving elementary particles, The conclusion is that nature operates on "borrowed energy." Nigel Calder in his "Keys to the 
Universe" compares this with a familiar situation in economy": "Every financier knows that a daring man with little money can borrow 
some, bet it on a horse or on the changing price of copper, and hope to make a profit before he has to repay the loan. Likewise. Heisenberg 
tor rather Yukawa) found more energy available for activity in the micro-universe than you would expect by miserly accountancy." 

Eventually, it turned out that most, if not all, of the basic processes of interaction between 'fields' and "particles', and. in particular, 
between photons and electrons, could only take place via transitions into intermediate, 'virtual' states of such short duration that in them 
energy does not have to be exactly conserved. If nature could not operate on borrowed energy, everything would come to a 'virtual' 
standstill: it might be worse than the 'heat death' in the distant future predicted by the entropy principle. If somebody could decree that 
nature had to operate on a balanced energy budget, it would be decreeing a lot out of existence. Are there valid analogies between the 
operation of nature and national economies? tt might be of some interest to pursue such analogoes further. 
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Hence, a combination of relativity and quantum physics leads unavoidably to the co nclusion that energy .s neither exactly consewad nor 
exactly localizable. According to the Heisenberg uncertainty relations, material particles are not exactly localizable erthar but tna 
enemies in radiation fields are localizable to a much lesserextent than theenergies carried by material parte as Bu bJJ J^ 1 
these limitations of energy conservation and of localizability truly "global". They do become so in some vers.ons of modern cosmology. 

BotTKeXanS 

funnin dow Mt mus hale a beginning which appears to contradict the First Law; "The energy of the Universe is constant." Enge s i. w.th 
Marx the ^co^ounder of the philosophy of communism, says in his "Dialectics of Nature"; "Clausius. if correct, proves tnat the Universe has 
been created ergo hat' matteris datable, ergo that it is destructible, ergo that also energy, or motion, is creatable ™"«^'bta; ergo 
that the whole theory of conservation of energy is nonsense, ergo that all its consequences are also nonsense Engels was r ght. n a way. 
and shouW haw Included that "ergo, materialism is nonsense". Instead, he and Marx assumed the validity of the Hegelian law. the Law 
of Transformation of Quantity into Quality" to counteract the "Second Law". 

The German philosopher Nietzsche did not like the consequences of the entropy principle either and tried toeyade them by ^'"""jj 
"Etema Recurrences" He states: "If the Universe has a goal, that goal would have been reached by now." Like most scient sts and 
£EEw7ta believes firmly that the Universe must have always existed. The concept of creation at a finite time in the past 
KX I ^el^ of the -superstitious ages" He concludes: "If materialism cannot escape this conclusion of a final ^ate then materialism 
is «heS retted" an Iguing contrast to Engels conclusion. But another philosopher of this period Bergson (1859-941 , adopts a 
nosKive atwude towards the law of entrophy which is for him "the most metaphysical law of physics. He develops the .dea ot*torc* 
counteracl Snq m sTaw his "elan vital" which leads to "creative evolution". A scientific formulation of some of Bergson s ideas was 
achieveTby ?he RussTan born Belgian scientist llya Prigogine, and won him the Nobel Prize in chemistry for his ••Thermodynam.es of 



Evolution"' 2 . 



But scientific foundations for a new cosmology became only available with the development of the new 20th century physics baaed on 
felaS "an quantum SUry. Crucial was Einstein's formulation of his "General Theory of Relativity" in 1915 which inked space , Uma 
and ma«er and re ated gravity to the curvature of space-time. When a Russian physicist Friedman proposed a solution of Einstan 
"2 ^describing ffn.te expanding or contracting universe in 1922, Einstein did not like this at all, and tried in van to prow .that 
Tr^^-^SS^B^n^L. When the Belgian catholic priest Lemaitre published a similar so.ution w.th a beginning in , time , in 
192* 'the £ Aversion of a Big-Bang type model - Einstein eventually conceded its acceptability, in particular ^nce astronom ca, 
observaSons of the recession of galaxies seemed to confirm the validity of such a model. But still many scientists did not like a beg nmng 
~° S . uni v!rM , and so in 1948 Hoyle and fellowworkers proposed a steady state cosmology based on the postulate of continuous 

ceaTion^ 

SiniZBtataaZ^od* In one of them proposed by P. Jordan (Germany) in 1938. theenergy problem wassolved rather 

XaCaS^ 

do, in fact, compensate each other to a considerable extent.' 3 

A new ohase in modern cosmology started with the discovery of the so called cosmic background radiation of 2 7° K by the ■Americans 
5enzTas and WiisonlnTgel. This led to the formulation of theso called standard model with a initial fireball containing ™*W"&™«W 

i!E nmTnnPt c f radiat on At the end of the first second after "creation" the u niverse contained about 10" photons and-1 0" nucleons of 
s mi Z« Why and how thfs i raSc had been established is not yet quite clear, but it appears to be related to the violation- of some 
slmmetTv Spies With furthe expansion of the universe, these two numbers remain approximately constant, but while he energy 
rnntTnt of the Sons s fixed the energies of the photons decrease with the expansion of the universe. After about one million years 
"etXSSSltio is about the same, but from then on the universe is "matter dominated "J" »«■ P™^' * a J 

he enerav which we are using today derives from this matter energy which had represented less than one billionth of the lota energy of 

KnTve^ 

negative gravitational energy of the early univese. 

In the standard model, energy conservation is still taken for granted, but the huge initial positive and ^f^^Z^ZZTn^es 

preparation and will be available in the future. 

Ref i e E Mach "Die Geschichte und die Wurzel des Satzes von der Erhaltung der Arbeit" (The History and the Root of the Theorem of the 
Conservatfol ! of W Leipzig, Barth 1909 (reprint of the original published in Prague, 1872), (Aurthor s translation) 

2. Energy - Historical Development of the Concept, ed. R.B. Lindsay, Halsted Press, 1975, p.97. 

3-Loc. cit,. p. 119. 

4. Hermes Trismegistoc, Collected Works, Vol. III. 

5. Portable Blake, New York, Viking Press, 1968; p.250f. 
6.Ref.2. p.158, 

7. Y. Elkana, "The Discovery of the Conservation of Energy", Harvard University Press, 1974, p.132. 

8. Applications of Energy: 19th Century, ed. R.B. Lindsay, Halsted Press, 1976, p. 96, 
9.Loc. cit., p. 66. 

10. Manfred Eigen/Ruthiid Winkler, "Das Spiel" (The Game), p. 64. 
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SESSION 29: CURRICULUM AND ASSESMENT II 

ENERGY EDUCATION IN HIGH SCHOOL - SAVINGS AND RESOURCES, 
A PIAGETIAN WAY 

by 
Maria E. Elias and Anselmo M. Elias, Department of Chemistry, Faculty of Science, 1294 Lisbon Codex, Portugal 

ABSTRACT 

The recent energy crisis developed a worldwide concerned view of the importance of energy in life and development of Man, The interest 
in new alternative nonpolluent and cheap energy resources is apparent in scientific literature and in educational projects. Here, school has 
a tremendous responsibility. The correlation of the different factors and the full understanding of this complex issue requires a highly developed 
cognitive level, which is denominated by abstract or formal thought. Piaget epistemologic theory defends that the transition from former con- 
crete to formal thought occurs sometime between 12 and 16 years of age. Accordingly, teaching strategies used in high school become ex- 
tremely important since they may be responsible for promoting an earlier transition from one stage to the other. Both experience and social 
interaction are determining steps in the construction and reinforcement of more complex mental structures and the technique denominated 
by learning cycle is strongly recommended. Activities are presented meeting the methodology of that cycle which may be included in courses 
of Chemistry, Physics or Energy, 

I. INTRODUCTION 

The technologic development of Society and inherent improvement of living conditions of Man have produced an increase in energy needs. 
In recent years, the energy balance has been destroyed by that demand, oil shortage and high prices. Deep changes have occured in resources, 
conservation, storage and transmission of energy, however deeper changes have to be introduced in education namely curricula and methodology. 

II. ENERGY PROBLEM 

Accidents in nuclear power plants 1 , themselves potential targets in international conflicts, have been changing official and public opinions 
from an optimistic to a pessimistic view of our future as human beings, members of a Society, In part, an uncritical acceptance of nuclear 
power considered for a while the energy of future, has led to many of the subsequent difficulties of this technology. Consequently, it is fun- 
damental that in the selection of energy sources all factors involved are considered, instead of considering just costs and availability. Produc- 
tion of energy and energy-dependent activities, regardless the technologies used, creates environmental disturbances, whose harmful effects 
in human health and ecological equilibrium are not considered seriously, until they have become widespread and made a number of victims. 
To prevent those effects, actions have to be taken, but since they usually require additional consumption of energy, costs increase and the 
improvements are ignored. 

The two main points to be considered here are resources and conservation. Obviously, demand may be reduced, just by using more efficient* 
lv the available energy in conventional government and industry projections, but also in every day life of all the citizens. However, the choice 
of the most convenient energy supplies is still a controversial issue. The nonrenewable sources, like coal, petroleum, natural gas, nuclear 
fission and fusion, and geothermal energy have a dominant place over renewable sources, such as solar energies, wind energy, hydroelec- 
tric biomass and ocean energy resources, in spite of their supremacy in terms of conservation, ecological equilibrium and availability. Also 
the'tvoe of resources that are most appropriate for meeting the demands depend greatly of institutional factors*, i.e., nontechnologica 
characteristics of a society, for example cultural patterns, educational systems, industry and government organizational structures and agricultural 
practices. Namely, an institution may depend heavily on certain technologies, but not actually develop new technologies. Obviously, conflicts 
break out through the various goals that Society establishes for meeting its energy needs. 

III. LEARNING PROCESS 

We understand that responsable judgement criterias must have their fundamentals in scientific background transmitted in high school, since 
me oTenS of advanced thinking patterns, what is called in Piaget's epistemologic theory*, abstract or formal opera- 

ional hSugh? develops between 12 and 16 years of age. For Piaget, the stage of formal operations is the highest level in f h e / fl ^^^ 
of mental structures, hypothesized "mental blueprints" that guide the organism's behavior, i.e., they function to organ.ze the env.ronment 
so that the organism can function successfully in it, 

In the course of intellectual development from infancy to adulthood, these mental structures are constructed ^"f 1 ^ eco ^i rU ^!fA^!l^!? ri i^ 
brain and thev determine in a sense how and what we think and the person we are. In fact, they represent our knowledge. Meaningful learning 
does no come SmXpS making a mental record, without the development of a mental structure. Things which seem obvious are simply 
noTpe^ to understand the concept of heat content of a reaction or grasp the idea of eoolog.cai equilibrium. 

These mental structures are not present at birth (except very primary ones). They are constructed and reconstructed with time and the actions 
pro*de ^B^mB^B^nS^to the construction of mental structues. By the process of self regulation, the construction, recone ruo- 
Son "and rein to ^^110^ to progressively more complex and powerful thinking patterns. Self regulation depends on three main factors, 
exoer^nce sodaS In regard to experience, this factor helps students to build operational structures that can 

make S^ around them, it is the manipulation of materials of the discipline that produces the person who 

ZZ^^£^S an7not studying abstract contents that produces *^^^ «d in- 

vent abstract generalization. So, in science teaching, laboratory must proceed the introduction of an abstract generalization. 

Students who have not acquired formal reasoning patterns are severely limited in their ability to comprehend concepts* such as > eoos ysterns, 

2 ^ratrenzimatic activ^v etc In college and high school their number may be as high as 50% of asampte. How can this sort of citizens, 

K ^ In complex situtations, such as energy resources, costs v.a. environment pro- 
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tection, based on objective criteria. Dealing with costs constitutes a concrete problem, however probabilistic forecast, prediction of possible 
ecologies disturbances, correlated effects of saving strategies, etc. require high developed thinking patterns. 

The instructional technique learning cycle promotes an early transition from concrete to formal thought, tt is based on Piagetian theory and 
consists of three phases, exploration, invention and discovery. This technique emphasizes the role of experience in the learning process 7 
since students are involved in concrete experience with materials or experimental data in the first phase and this may be retaken in the third 
phase in order to generalize concepts that were introduced in the invention to Interpret and explain the experimental results, Self regulation 
is then completed and the appropriate mental structures are developed or reinforced. 

IV, ACTIVITIES 

Considering the problem of savings and resources we have developed activities, meeting this methodology and shortly described below. 

A. 'Tower from water" 

Students are asked to light on a lamp using a power generator consisting of a rotating magnet. The rotation is produced by circulating water, 
in a first step tap water and later water from a reservoir of convenient size. The first situation is used to illustrate the principle of hydroelectric 
sources and the second, the evidence no water no power. A discussion is conducted In terms of geographic location, advantages and limita- 
tions which conditions the use of this renewable source. Also, refering to the second situation the importance of saving is emphasized. 

In the third stage it is shown that production of energy can be attained using agents other than water to promote the rotation of the magnet, 
Namely, wind, steam from burning coal, etc. Students are also asked to calculate the wattage of light bulbs in the classroom, estimate daily 
and annual use and cost Saving strategies are analyzed in terms of annual costs. 

B, "Boiling eggs" 

Students have to boil eggs using the following heat sources, an electric plate, an alcohol lamp and a "sun stove". As soon as the eggs in 
the two first cases are cooked they start to estimate the required wattage, amount of alcohol and costs per boiling egg. Also, considering 
that students use to eat an egg every day, they have to calculate the costs corresponding to each of the cases. Finally, the topic is generalized 
to further applications of the energetic potentials of solar energy namely conversion to electric energy and photosynthesis. 

In both activities students are organized in groups since peer interaction enhances a meaningful learning process, 

V. CONCLUSION 

Two tests, a diagnotic prior to the activity and another carried out after, demonstrate changes in mental structures both at cognitive level 
and in attitudes. Mental structures are, in essence, adaptive, so that the organism can successfully interfere with the environment. Confronted 
with energy situations, students become more aware of shortage, savings, comparative advantages of several energy resources and also, 
of the importance of developing new ones. 

FOOTNOTES 

^Energy Strategies: Towards a Solar Future, ed. H.W. Kendall and SJ. Nadis, (Ballinger Publishing Co., Cambridge, Mass., 1980). 

«M. Lonmoth, P. Steen and T.B. Johansson, Energy in Transition: A Report on Energy Poiioy and Future Options, (University of California 

Press, Berkely, Calif., 1980). 

3B, Inhelder and J. Piaget, The Growth of Logical Thinking from Childhood to Adolescence, (Basic Books, New York, 1958). 

4 A,E, Lawson and J,W. Renner, Amer. Biol. Tea. 37, 336 (1975). 

5J.D, Herron, J. Chem. Ed. 52, 147 (1975). 

S J.M. Atkin and R. Karplus, Science Teacher 29, 45 (1962). 

7 M.E. Ellas and A.M. Ellas, Communication presented at the 4th Annual Meeting of Portuguese Chemical Society, 1981. 
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THE SOLAR ENERGY CURRICULUM PROJECT 
by 

Debra D. Langford, Office of Conservation and Renewable Energy 
U.S. Department of Energy, Washington, D.C. 20585 

David E. LaHart, Florida Solar Energy Center, 300 State Road 401, Cape Canaveral, FL 32920 

1.0 INTRODUCTION 

The lack of public knowledge regarding solar energy has proven to be a serious deterrent to its successful commercialization. Recognizing 
both the short term benefits of informing teachers, parents, and other community members about solar energy and the long term benefits 
of teaching children, the U.S. Department of Energy (DOE) has sponsored the development of elementary and secondary school solar energy 
curriculums. This paper discusses the development of the secondary school curriculum and DOE's efforts to disseminate the curriculum 
working with four Regional Solar Energy Centers (RSECs) and state governments. As an example, Florida's methods to adapt the solar materials 
local school districts' educational programs will be described. The knowledge and experience gained will be useful to educators developing 
school energy programs and to governments trying to accelerate the commercialization of solar energy. 
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2.0 CURRICULUM DEVELOPMENT 

The seccondary school energy project was initiated in 1977 when DOE funded the New York State Education Department and the State 
University of New York Atmospheric Sciences Research Center to develop a solar energy science curriculum for grades 7-12. During the 
summer of 1977, 80 secondary school science teachers met with technical and education experts to begin writing solar energy lessons. First, 
the teachers decided to base the solar energy science curriculum on several priciples: 

• The solar energy activities should be integrated into existing science classes. 

• The material should be presented in a straightforward, objective way giving the advantages and disadvantages of using solar energy. 

• The materials called for in the experiments should be accessible, inexpensive, and simple. 

• The curriculum should be activity oriented since students learn best by doing. 

The resultinq curriculum includes a Teacher's Guide, a Text containing background Information on solar energy, a Reader consisting of ar- 
ticles reprinted from magazines and journals, and 43 classroom tested activities. The activities are suitable for infus.on into five science cur- 
riculum areas: junior high science, earth science, biology, chemistry, and physics. Lessons include constructing a collector from a coffee 
can, measuring the insulating properties of different materials, designing a passive solar energy house, and exploring the opportunities for 
employment in solar energy occupations and related fields. 

3.0 CURRICULUM DISSEMINATION 

The solar energy science curriculum has been available for national distribution and field testing since March 1979 Copies have been distributed 
to such organizations as state energy and education departments, cooperative extension programs vocational technical ^£*-^™ m «"2 
studies centers, and teacher education programs. During the 1979-80 school year, the curriculum was p.lo tested t,y 357 ^teachers .n 44 
s ates Based on the field test, the solar energy science curriculum is being revised. For example, additional lessons in wood burning, wind 
energy and pLsve solar energy are being added. The Reader is being expanded and the text is being reformatted o .nclude add.t.onal 
Shies ^The final; revised edition of the solar energy science curriculum should be available by the 1981-82 school year. 
Using the same curriculum development model, the solar energyy curriculum is being expanded to include lessons in vocational education 
and the humanities. Industrial arts and home economics teachers met last fail to being writing lessons. These activrt.es are currently available 
for national pilot testing. The social studies and humanities activities will be distributed during the 1981-82 school year. 
Since teachers are often reluctant to use new materials, especially those dealing with unfamiliar subject matter, w "™}*" 10 ™™ ™} h g 
DOE's four Regional Solar Energy Centers to disseminate the curriculum through In-service training workshops. For example, dunng he 
summer d 1979 the North East Solar Energy Center (NESEC) conducted a workshop to train 30 teachers to disseminate he curriculum 
?n Uterine state I NKEC region During the 1979-80 school year each of these teachers conducted at least two in-service training workshops 
to in'oiucefhe curSum 9 By the en 9 d of the school year/approximately 3,000 teachers had attended the workshops. Similar promts are 
being planned by the other three Regional Solar Energy Centers. 
4.0 CURRICULUM DEVELOPMENT IN FLORIDA 

Florida had to approach the need for a solar energy project based on different needs. Because of state mand lated pupil I ass ;« ss ™nt tests 
a II disciDNnes are required to teach "basic skills". In many school districts, teachers are given assessment cards for each student! and must 
fndS when each p^pH masters a particular skill. These burdensome bookkeeping requirements leave little room to teach about solar energy. 
Because of the inherent interest students seem to have in solar energy, Seminole County Schools in Sanford Florida decided to orient the 
^a^enerav seconda^ School curriculum to teach solar and basic skills. Middle school students (grades 6, 7, and 8) were targe ed Aided 
bv a $9500 "mXrant" from the Florida Office of Environmental Education, teams of math, language arts, science and social studies 
toacheStenTcare S renewed the solar energy secondary school curriculum. Other solar energy materials were examined for their relevance 
ffS2^|e^l?t^!S|S matter, potential student interest, and adaptability to Florida's pupil assessment program. 
This multidisciplinary team met with consultants from the Florida Solar Energy Center the Florida Department t of ^"^j""^^^ 
representatives This workshop was designed to provide an overview of solar technologies, their uses in Florida and their potent.al for affec 
ting the lives of students now and in the future. After the workshop, the writing began. 

side and outside the project . . p ., 

teacher training workshops. 
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29.3 

"ENERGY: A LOCAL CURRICULUM DEVELOPMENT PROJECT' 

by 

Mr. Malcolm Dixon, Liverpool Education Department, U.K. 

For many years Liverpool Education Authority has been committed to introduce more science into the primary school curriculum. A number 
of schools participated in the training of materials from the national curriculum development projects. Nuffield Junior Science and the Schools 
Council Science 5 - 13, and subsequently formed a 'group system' in which teachers from schools in all areas of the city meet to discuss 
and share ideas. In the light of the standard of primary science work produced in schools and displayed in exhibitions and the interest and 
enthusiasm of teachers, it seemed opportune, in November 1977, to introduce more simple technology into these schools. 'Energy' was at 
that time being mentioned with increasing frequency by the media and was, clearly, a topic of national importance. The theme of 'Energy' 
suggested itself as a way of extending the primary science curriculum to include more technology and as a topic which would integrate many 
primary school activities. 

Subsequently, a small working party of primary school teachers was established and, with their help, a booklet entitled '.'Energy - An Introduc- 
tory Guide" was produced and distributed in October 1978 to a number of schools. 

The introduction to this teachers' guide stressed that 'energy' is an abstract concept which we can probably best help develop in the minds 
of young children by providing 'concrete' experience of things which have this property. Brief summaries were given of the different types 
of energy and examples included of energy changes, The terms 'energy capital' and 'energy income' were introduced and background infor- 
mation supplied on a wide-range of energy sources. The ideas being developed using alternative sources of energy were described and sug- 
gestions given for simple investigations, by children, of such sources. The need to conserve our energy resources was outlined and experimental 
work suggested on, for example, the effectiveness of various insulators and ways in which the children could save energy at home and in 
school, it was felt that some teachers would wish to broaden their treatment of the topic to include historical and geographical aspects. Therefore, 
a section was included which briefly traced developments in the mining of coal, the uses of waterwheels and windmills, the demand for oil 
and gas, and the uses of electricity. Suggested activities for children's work included creative writing, consideration of consumer preferences, 
displays of the' by-products of coal, exhibitions of electrical tools and map work on the distribution of coai, oil and natural gas fields around the world. 

A major section within the guide was entitled 'Things to Make and Do', in which an extensive list of practical activities was suggested for 
classroom work. For example, within the area of electrical energy a start can be made by examining batteries and making simple circuits 
and can be followed by constructing electromagnets and model-making. The energy of candle flames could be investigated and steam power 
used to drive models. The scope for experimental work on 'sound' is wide and well documented. The effects of the sun could be observed 
with the production of shadows, rainbows, the melting of ice and the effects on plant growth. 'Energy' discovery tables and 'Energy News' 
noticeboards coufd be established in classrooms. People from outside the school— parents working on oil-rigs, deep sea divers, electricity 
and gas-board men— could be invited to give short talks about their work. Visits could be made to waterwheels, windmills and museums, 

The emphasis was on teachers using this guide to develop their own units of work. It was felt that individual teachers could best decide which 
material was most appropriate to their children, in devising such units of work, it was suggested that the following objectives might be included: 

a) a knowledge of some of the different forms of energy. 

b) a knowledge that energy can be converted from one form to another. 

c) a knowledge of the importance of food in providing energy for growth and movement in living things. 

d) an awareness of the importance of the sun in providing our energy needs. 

It was envisaged that scientific work on this theme would be integrated with other subjects, and provide much opportunity for the development 
of language and mathematical skills, This was confirmed in June 1979 when over sixty junior and infant schools participated in an Energy 
Exhibition held at the Liverpool Teachers' Centre. 

The second phase of the project during the school year 1979-80 attempted to present children aged 5-1 1 years with a technological challenge 
which would exercise their imagination and ingenuity, The design brief presented to the children required the construction of a model which 
complied with one of the following specifications: 

a) a 'vehicle' which is able to travel a distance of, at least, 2 metres on lands; 

b) a 'vessel' which is able to travel on water; 

c) a working model. 

As the competition was a new venture the model specifications were kept as wide-ranging as possible. It was open to three age groups - 
infant schools, lower juniors (7-9 years) and upper juniors ((9-1 1 years). Models from junior school pupils had to be accompanied by a written 
report containing details of construction and testing. 

The 450 entries for the final exhibition were of a high standard and showed that considerable thought, time and effort had gone into their 
creation. They were built using a variety of materials including balsa wood, washing-up liquid bottles, polystyrene, corks, Meccano, Lego; 
they were powered by small electric motors, stretched and twisted elastic, balloons and camphor. In a number of cases the models could 
be described as original; others demonstrated modifications and adaptations of existing designs. Examination of the written reports revealed 
how the models had been built, the kinds of materials used, the testing procedures, drawings of the various prototypes, the problems en- 
countered and how they had been solved. The construction of these models allowed ample opportunity for discussions about 'stored energy'— in 
batteries, In twisted and stretched elastic, in the air inside balloons— and of how this enabled the models to move. 

The final phase of this local project, in which classroom teachers have been involved in the development and implementation process, is 
to produce a more complete guide to the teaching of energy in primary schools incorporating teachers' feed-back and samples of children's 
work. This guide will then be available to a wider circle of teachers, The work produced indicates that 'Energy' is a relevant theme for inclu- 
sion in the primary school curriculum. Further, it is a 'vehicle' which allows teachers to pursue a diverse range of educational goals. 

We are grateful for the support of the Schools Council (Morrell Fund) and The British Association for the Advancement of Science in this venture. 
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Construction of an Instrument to Assess 
Effectiveness of Energy Education Programs 

by 

Serafin D. Talisayon and Vivien M. Talisayon, University Philippines 

The motivations behind energy education programs include (1) enrichment of cognitive content and (2) enhancement of values and attitudes 
judged desirable by designers of every education program and policy makers in general, Attention to values, attitudes, and even behavior 
change in the field of energy education seem to be typical when compared to other subject matters in the broader field of physics education. 
For example, the inclusion and treatment of energy conservation topics involve not only cognitive content but also a value, whether implicitly 
or explicitly presented in the texts. Thus, the task of constructing an evaluation instrument as adjunct of any energy education program im- 
plies a difficult first step of adequately and reliably sampling a content domain and a value domain. 
The paper will discuss the results of two preliminary investigations: 

(1) value-content analysis of some energy education texts and journal articles, and mass media advertisements; and 

(2) cognitive content analysis of energy education texts and journal articles. 

The results will be studied as they vary across identified target audiences in the formal as well as Informal education systems, and as they 
group themselves into distinct types of classes for convenient translation into corresponding types or classes of items in any evaluation instrument. 
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A SOLAR OBSERVATORY AS BACKBONE FOR A HIGH SCHOOL ENERGY EDUCATION PROGRAM 

by 
Larry McGowan, Marlboro High School, Marboro, Mass. 01752 
Our inexpensive solar observatory introduces students to solar physics, the mother of astrophysics, and provides an Intellectual foundation 
for our energy education plans. 

Monitoring solar variations and seeking solar-terrestrial relationships gives a realism to the study of the energy balance of the planet, as 
well as long range weather, climate and the causes of ice ages. 

Study of the fusion reaction in the sun clarifies the relationship between geothermal energy, (sellar, not solar) nuclear reactors, and solar 
energy in all its forms. 

The study of the solar spectrum illuminates not only much of physics but also the key processes of photsynthesis and the relation of foss.l 
fuels to biomass. , 

insolation investigations give meaning to the entire range of oceanographic energy storage. This leads naturally to an apprec.at,on of the 
carbon dioxide greenhouse effect and long range anthropogenic influences on climate. 

Study of the social and economic irrpact of solar variations (The "Little Ice Age", the "Year Without a Summer") forces the students to 
face the precariousness of our energy situation. 

The students learn to base their energy values on solid physical evidence, and to sort their energy options in terms of long range effects 
as well as immediate gains. The influence on teachers may be even greater. 
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SESSION 30: ISSUES IN ENERGY EDUCATION 



Marie Joost-Cox and Donald F. Kirwan 

Office of Energy Education 

University of Rhode Island 

Kingston, Rl, USA 



During the five discussion sessions, a large number of issues were raised by the attendees. These were synthesized into 
the following need and issues statements and were reported to the participants at the conclusion of the conference. 

1 . There is a need for a credible and reliable network to gather and disseminate pedagogicaily sound and scientifical- 
ly accurate resource, materials to teachers and administrators. 

2. Issues - 

How do we infuse politics and policy implications into energy topics? 

How should the development of classroom material be funded? 

Is there a need for an international professional association whose specific focus is energy education? 

How do we define what energy education means? Who is an energy educator? 

How can the effectiveness of energy education be demonstrated? 

How should energy concepts and technology be included in a voc/tech school's curriculum? 

Do we need to improve government and private cooperation? 

Considering the various national differences, how do we establish a world energy policy? A world energy 
education Policy? 

How do we determine the needs of students for energy education at the various formal educational levels? 

How do we identify the target groups which have special needs in energy education? 

How can various disciplines be united to attain energy education goals? 

How do we match energy education curriculum to cognitive development? 

How should teacher development and update programs be funded? 

Who makes the decision as to the energy mix to be emphasized in energy education? 

How do we determine whether an attitudinal or theoretical approach is better - Should we have both? 

How do we infuse the economics of energy into the curriculum? 
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